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Well-equipped with long experience in the manufacture of electric starters for internal combustion 
engines, C.A.V. were engaged at an early stage in the problems of starting the gas turbine. The duties of this 
type of starter are onerous, as considerable power is required to accelerate the rotor up to self-operating 
speed. Starting may be effected in timed stages by automatic switches, the sequence providing first for turning 

the compressor rotor at a speed sufficient to initiate combustion, and then for the speed to be increased 
to the self-sustaining point, when the starter drive is withdrawn. 
C.A.V. Starter Motors have been designed and built in powers up to 60 h.p., at various voltages. They 
are of extremely robust construction, and embody a great deal of the ‘know-how’ accumulated in over 


40 years of starter manufacture. 


WE WOULD WELCOME THE OPPORTUNITY OF DISCUSSING GAS TURBINE STARTING PROBLEMS 


The -World’s Leading Manufacturers of 


AW, Fuel Injection and Electrical Equipment 
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Pats and Slaps 


T would be wrong to judge the Council on 
Prices, Productivity and Incomes on its 
first report which was published last week. 
The terms of reference said that the Council 
should report from time to time its views on 
changes in prices, productivity and the level 
of incomes with due regard to the desirability 
of maintaining full employment and _ in- 
creasing the standard of life. A great deal 
is going to depend on the four words “ from 
time to time,” when judging the long-term 
usefulness of the Cohen Committee. The 
report itself is an excellent compilation of 
fact and information. It was inevitable that 
the Council should say again many things 
which have been reiterated many times 
already. Nevertheless, they have gone over 
the ground with thoroughness and their 
views are an authoritative and at times 
controversial interpretation of this country’s 
facts of economic life. 

Some of the drawbacks of the Council’s 
composition are clearly apparent in_ its 
report. The Council consists of three eminent 
professional men—a judge, an economist and 
an accountant. Its composition ensures a 
high standard of intelligence and integrity, 
and because it is a group of three professional 
men, there is every prospect of it achieving 
unanimity on the main issues coming within 
its purview. It has the drawback that 
because it is composed of professional people, 
it may be inclined at times in some of its 
views, to be conservative. Furthermore, 
since it deals primarily with economic 
matters, it is bound to bear the marks of the 
opinions of the economist. The report does, 
in fact, reflect the views in many respects of 
Sir Dennis Robertson. There will, therefore, 
be those who say that the report is only a 
sermon prepared by an eminent professional 
economist and slightly modified by two lay 
preachers. 

Although the report broadly endorses the 
Government’s present economic policy and, 
indeed, chides the Government for not taking 
stronger measures before it did, there are 
plenty of issues raised in the report which will 
be a subject of controversy for some time to 
come. The Labour Party and the trade 
unions will object to the Council’s obvious 
dislike of physical controls on investment and, 
there is going to be a good deal of difference 
of opinion among economists about the 
importance which the Council attaches to 
the pressure of demand stimulating inflation 
as opposed to the upward pressure of costs, 
especially wage costs, on prices. 

One of the most important sections in the 
report and one which will not be altogether 








to the liking of the engineering industry, is 
that dealing with the importance of en- 
couraging stable and, indeed, falling prices. 
The Council recognise that there are certain 
special circumstances in which prices must 
be allowed to rise but they are obviously 
attracted to a gentle decline in prices as 
productivity increases. Here again, they 
come up against those trade unionists who 
have advocated a policy of expansion as a 
quid pro quo for wage restraint, but they 
also come into collision to some extent with 
the capital-goods industries. They are fairly 
resigned to the Government’s economic 
measures last year causing a slowing down in 
investment and they are not to be panicked 
by a small increase in unemployment. The 
Council is most concerned that costs should 
not rise so as to endanger our export position 
and that this country should not be a small 
island of creeping inflation in a slightly 
deflationary world. 

One of the most useful sections of the 
report deals with wages, for it gives the 
arbitration tribunals that will have to adjudi- 
cate on wage claims in the very near future 
a framework in which to think. The Council 
think that where productivity is rising, wages 
should not be allowed to rise in full propor- 
tion to the increase in productivity, otherwise 
wages will rise faster than productivity and 
inflation will continue. They favour flexi- 
bility in relative wages between industries in 
order to get the best distribution of the 
labour force. They hope that if any wage 
increases are granted in 1958, they will be 
substantially below the average of the last 
few years. They think it will be dangerous for 
wages this year to increase overall by as 
much as 5 per cent. (which is about the 
average rate of increase over recent years); 
that they would prefer them to go up by not 
more than 2 per cent. (this is just below the 
increase in productivity in 1957); and that 
they will be best pleased if there are no 
increases at all. 

In this first report there is praise and 
criticism for everybody. The Government is 
congratulated for some of its measures and 
criticised for others. The trade unions are 
warned about pushing their wage claims but 
they are absolved from major responsibility 
for past inflation. Industry is warned against 
an easy environment of expansion but told 
that taxation should be reduced and Govern- 
ment expenditure constantly reviewed. The 
Council has inevitably entirely pleased no- 

body. It has gone as far as it can in an 
initial document to establish a reputation for 
giving a review free of partisanship. 
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Cover Picture. Western Europe's dependence on 
oil was spot-lighted by the blocking of the Suez 
Canal in November, 1956. That restriction on 
the movement of oil did not prove to be so 
calamitous as expected, but for many years 
large fleets of tankers will still be essential to 
Western security. 
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Plain Words 


Some years ago there appeared on my college 
notice board a curious document that at 
once aroused my interest. Bertrand Russell 
had been giving his series of Reith Lectures 
entitled “* Authority and the Individual,” 
and in one lecture had spoken at length 
about aggressive impulses. The notice bore 
a quotation: ‘ Anyone who hopes that in 
time it may be possible to abolish war should 
give serious thought to the problem of satis- 
fying harmlessly the instincts that we inherit 
from long generations of savages.” Beneath 
was a laboriously forged version of Lord 
Russell’s signature and the legend: ‘“* Join 
the University Boxing Club.” One lone 
recruit responded to this call, though whether 
a few rounds in the ring did in fact gentle his 
condition I was never able to discover. 

Whatever claims may be made _ by 
philosophers and club secretaries, there 
seems to be an irrevocable law—there is no 
substitute for war. Aggressiveness in human 
beings appears only to be properly satisfied 
by military adventure: otherwise how could 
it have remained so popular so long? The 
real problem lies rather in the shortcomings 
of modern warfare. 

War itself no longer offers any solace for 
the man who, passionate with anger, longs 
to knock his neighbour on the nose. Science 
and engineering have made the whole thing 
too remote. Launching guided missiles would 
scarcely satisfy the vicious cravings of a 
schoolboy (though he would no doubt find 
some pleasure in it); and only the very 
strongest imagination could picture with any 
satisfaction the devastation created several 
thousand miles away by nuclear weapons. 

Many will mourn the passing of sword 
and bayonet—with a nostalgic backward 
glance at ragged Agincourt and the feverish 
Crusades. The point is brought home by 
the latest military estimates, the essence of 
which is more machines and fewer men. 
Engineering, which brought to the fearful 
reek of war such splendid weapons as the 
Scharnhorst, the Sherman and the Spitfire, 
has gone too far and dulled its glittering 
edge. People will just lose interest. 

Yet war, for all its horror, increased the 
depth and range of human_ experience, 
evoking unexpected virtues, testing the 
courage of those who never knew they had 
any, offering active danger to those who had 
a taste for it—and also those who hadn’t— 
and teaching the value of co-operation. All 
this, whatever its merits may have been, is 
gone. But how, if war is to be avoided, 
are we to administer the periodic stimulus 
that mankind seems to need? War has worn 
itself out; it’s time we found an adequate 
replacement. It may be simply a matter of 


growing up. CAPRICORN 
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Grand Nationalisation 


The New York Herald-Tribune has carried out a 
survey in 14 countries to find out what people 
think should be the relationship between Govern- 
ment and industry. The choice given by the 
questions was between government ownership, 
government regulation to protect the public (but 
not government management) and a complete 
* hands off’ or laisser-faire policy. The results 
show a remarkable degree of agreement. 

The biggest percentages in favour of a take-over 
were returned in Italy (19 per cent.) and Japan 
(18 per cent.). Only three other countries 
scored double figures—France (14 per cent.), 
Austria (13 per cent.) and Brazil (10 per cent.). 
In Britain 8 per cent. were in favour of nationalis- 
ation, but 48 per cent. wanted state regulation 
without management and 36 per cent. said leave 
industry alone. In Sweden and Austria, both 
of which are like Britain in having strong socialist 
parties, 4 people in 10 voted against government 
control. In Canada, Germany, Holland, France, 
Australia and Denmark the general sentiment 
seemed to be in favour of their governments 
having powers to regulate industry without 
taking on either its management or ownership. 

The attitude of the individuals polled varied 
according to income. The less well off were 
more in favour of a government take-over of 
big business. This division of opinion was 
especially noticeable in Italy, Belgium and 
Sweden. In 9 of the 14 countries the same 
questions were asked in 1953, but of a different 
sample of people. In five of these there has 
been a move away from extreme /aisser-faire 
towards government control. 

All told, it looks as though no country has 
any enthusiasm for nationalisation, but there is 
a widespread desire for the benefits of free 
enterprise without the risks. 


Nationalisation—F.B.I. View 


The Federation of British Industries has decided 
to set up a committee to survey the question of 
the nationalisation of manufacturing industry. 
Mr. Alfred Robens, who recently stated cate- 
gorically that the Labour Party would nationalise 
steel as a basis for national planning and not as 
a question of management efficiency, has doubt- 
less helped the Council of the Federation to 
make up its mind. Sir Hugh Beaver, the Presi- 
dent of the F.B.I., has made it clear that the 
survey is to be concerned with manufacturing 
industry only. The F.B.L. does not challenge 
the idea of nationalisation on grounds of 
principle, though doubtless the majority of its 
members do. The issue so far as the F.B.I. is 
concerned is pragmatism versus dogma. 

When the survey is completed it will doubtless 
be a most informative and reasonable compila- 
tion. It will show what its sponsors wish it to 
show, for it will surely endorse the view that 
nationalisation’s virtues depend on advantages 
of monopoly as opposed to competition in 
certain circumstances. But the document will 
hardly be very relevant to the real problem except 
that it will keep the issue alive for discussion as 
the General Election approaches. The basic 
issue is a question of power, not of efficiency. 
In consequence, despite the Federation’s desire 
to avoid political controversy, the issue cannot 
be kept clear of politics. 


Redundancies Ashore 


The proposal in the Navy estimates published 
last week to close down certain shore establish- 
ments has given rise to a good deal of anxiety 
regarding the future employment of the displaced 
personnel. In relation to the total insured 
population, the numbers involved are not large, 


but in certain localities, particularly Sheerness 
and Portland, alternative employment will be 
difficult to provide. Anxiety has also been 
expressed in the Medway towns though, Provided 
there is no general recession in industry, alterna- 
tive employment should not be too difficult to 
find in this area. 

About 13,000 posts are expected to disappear 
but of these, more than half are established staff 
for whom work will be found elsewhere even 
though this may involve the dismissal of addi. 
tional unestablished staff. Taking into account 
the period over which the dismissals will take 
place and allowing for normal wastage it has 
been estimated that the total number who will 
lose their jobs will be between 5,000 and 6,000. 
In the case of Sheerness dockyard, which is to 
be run down by April, 1960, every effort is to be 
made to dispose of the yard to industrial of 
commercial interests. The yard employs about 
2,500 industrial and non-industrial staff of whom 
about 1,100 are established and will be absorbed 
as far as possible into Chatham dockyard, 
Unless some alternative use is made of the 
Sheerness yard, however, some 1,500 employees 
are likely to have to travel from the Isle 
of Sheppey to the mainland in search of 
employment. 

Portland dockyard, which is to be run down 
by July, 1959, employs about 1,000 men for 
whom alternative employment is likely to be 
difficult to find. The Admiralty, however, have 
announced that they are in touch with the Board 
of Trade regarding the possibilities of guiding 
new industry into difficult areas. The closures 
highlight a problem which is likely to become 
of growing importance to the industrial future 
of the country as the pace of technical progress 
increases, namely that of transferring redundant 
labour as smoothly and quickly as possible to 
alternative useful employment. 


Consulting Prospects 


The difficulties experienced by consulting engi- 
neers in getting work at home and just fees in 
some areas abroad were two of the topics 
mentioned by speakers at the annual dinner of 
the Association of Consulting Engineers in 
London last week. Lord Mills, the Minister of 
Fuel and Power, said that public investment had 
been held at the level reached last year—with 
a consequent cut in the work for the consultants— 
because the country had to reach financial 
stability. There had also been, he agreed, a 
falling off in the opportunities given to the 
consulting engineers by the electrical authorities; 
from the 560 authorities of 1939 there was now 
only one and from the large number of small 
stations previously built there was in the future 
going to be only a few very high-capacity 
stations. 

Replying to Lord Mills, Mr. Bryan Donkin, 
the chairman, proposed that the smaller firms, 
who were worst hit by the relative shortage of 
work, might be retained for long-term planning 
which should be undertaken now in the current 
period of restricted capital expenditure. He had 
already commented that there was to be no 
relaxation permitted in the professional code and 
had observed that the membership of the 
Association was steadily increasing. The high 
regard in which the consultant was held in the 
Commonwealth generally was mentioned by 
Mr. V. A. M. Robertson when he proposed 
“The Guests,” but Mr. Donkin had previously 
suggested that there had been some difficulties 
in the ** newer” countries of agreeing a just fee 
for the service consultants did provide. One 
cause of such difficulties was the inadequate 
way in which the job was specified by the client 
when the consultant was first approached. 
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The importance of this overseas work was 
referred to again by Mr. J. K. Vaughan-Morgan, 
M.P., the Minister of State at the Board of 
Trade, when replying to Mr. Robertson. In 
particular, he mentioned the Middle East—with 
its vast oil wealth—which offered opportunities 
that had not yet been fully exploited. Despite 
the precarious political situation in the area, the 
Middle East market was of great importance to 
the United Kingdom and the Minister went on 
to give some details of the newly created Advisory 
Council on Middle East Trade (which is dis- 
cussed in “ Marketing” on page 273 of this 
issue). The large-scale developments now under 
way in ran, Lraq and the Persian Gulf, said the 
Minister, “ presented a real opportunity to us 
to provide them with what they need. 


Traffic in Aircraft 


A plea for greater co-operation between those 
responsible for the design and specification of 
aircraft and those working on problems of air 
traffic control has been made by Air Commodore 
w. E. G. Mann, Director-General of Naviga- 
tional Services, Ministry of Transport and Civil 
Aviation. Air Commodore Mann was giving the 
fifteenth Brancker Memorial Lecture to the 
Institute of Transport. 

Having reviewed the history of aircraft control 
systems over the last 40 years, he went on to 
say that in the past, the perfornmiance of transport 
aircraft had been matched by advances in the 
art of air traitic control. Safety had been the 
keynote and a high standard had been achieved. 
To-day, the introduction of turbine engines into 
aircraft had faced the air traffic controllers with 
new and urgent problems. Long-term plans for 
dealing with overcrowding at air terminals were 
now in hand in this country but they were delayed 
to some extent by the need to obtain international 
co-operation and to install new and complicated 
communications systems. 

So far as aircraft were concerned, the Director- 
General went on to say, there was a need for 
development in aircraft’s ability to decelerate 
and to cruise at common speeds in areas of 
dense traffic near airports. There had been 
much pre-occupation, in the past, with cost per 
seat-mile and not enough with vertical flight 
path. There was a need for even closer exam- 
ination of tracks, heights and speeds. This was 
an unusual opportunity for co-operation between 
the aircraft industry, the radio industry and 
those responsible for aircraft control. 


The Estimates 


The publication of the Civil Estimates for 
1958-59 enables a comparison to be made 
between the total estimates for the coming 
year and those for the current year, excluding 
Consolidated Fund Services such as interest and 
Management of the National Debt. The total 
net change is an increase of £45-8 million 
between 1957-58 (including Supplementary Esti- 
mates) and 1958-59, but this assumes receipt of 
a contribution of £47 million from the West 
German Government towards the cost of 
United Kingdom forces in Germany. As the 
estimates stand, the Service departments have 
been the more successful in achieving economies, 
since the total estimates of the Navy, Army, Air 
Force and the Ministry of Defence amount to 
£1,225-1 million for 1958-59 compared with 
£1,257-7 million for 1957-58, while the Civil 
Estimates (including Revenue Departments) 
show a rise from £2,956-1 million to £3,034-5 
million, after allowing for the increase of 
£24 million in National Health Service weekly 
Stamp contribution. A noteworthy feature of 
the recently issued Defence White Paper is the 
Increasing importance of Services research and 
development as indicated by the Ministry of 
Supply estimate which stands at £193 million. 
As the size of the forces declines the importance 


of research and development is likely to increase. 
Fortunately, such research is frequently of great 
value to industry as well as to the Services, 
particularly in the aircraft and electronics fields. 

The main increases in the Civil Estimates are 
a rise of £45-2 million in National Insurance 
and Family Allowances and one of £36°9 
million in education mainly on account of the 
increase in the number of children at school and 
the capital charges on the new schools built 
recently. The National Insurance Fund will 
show a deficit in 1958-59 for the first time, 
amounting to £14 million, but this is expected 
to increase up to £235 million by 1965 and the 
Chancellor of the Exchequer has already indi- 
cated that a change in financial method must be 
made. The rise in expenditure on roads in 
1958-59 is limited to £13-4 million and that on 
atomic energy to £7-3 million. 

In making these comparisons it must be 
remembered that Supplementary Estimates 
amounted in 1957-58 to about £160 million 
and it is hardly to be expected that supple- 
mentaries can be avoided in the coming year. 
Compared with the original estimates for 
1957-58 those for 1958-59 show an increase of 
over £200 million, a figure which underlines the 
extreme difficulty under present conditions of 
achieving stability, let alone any reduction in 
national expenditure. 


Finding Your Man 


Understanding of people and industry, of the 
job’s functions and requirements and of the 
company’s particular needs in the years to come, 
is the pre-requisite of successful selection. This 
was the basic message in a paper read to the 
Management Development Conference at Harro- 
gate by Mr. Andrew Brown, a director of Mars 
Limited. The conference, which was organised 
by the British Institute of Management, was 
attended by over a hundred representatives of 
leading British companies. 

Mr. Brown pleaded strongly that definitions 
should be clear and precise. Applicants should 
know as accurately as it is possible to convey 
what the job involves, and the kind of back- 
ground against which each is required to 
operate. When selecting men as managers, he 
said, there must be * not only a job specification 
but a full definition of the requirements of the 
job in relation to the organisation, its personnel 
and future planned development.” Another 
important point to bear in mind is that the person 
selected must be the one who fits the specification 
best. Too many companies are vague in this 
respect. ‘* Seek the right man,” said Mr. Brown, 
‘““ the appropriate man, the man best fitted to the 
job. If your company needs a * go-getter,’ then 
seek him. If your company needs a systematic, 
conservative type, then look for him.” 

Much of the advice given by Mr. Brown is 
now becoming the accepted practice in large 
industrial organisations. For example, to look 
regularly and systematically—he advises once a 
year—“ at all the human resources in the com- 
pany ” and to advertise jobs inside as well as 
outside is generally the rule to-day. If the man 
is found outside, then the process may be 
described as piracy or raiding by the firms who 
lose good men, but the firm who get him “ can 
always call it cross-fertilisation.”” Quite obvi- 
ously the small and medium size firms must 
often rely on large firms to train managers who 
will ** either find inadequate or too distant scope 
in these firms and seek work in the smaller 
company with its close relationships and oppor- 
tunity for wide experience.” Mr. Brown dealt 
more with general principles than with selection 
procedure, and rightly since most firms fail 
in their understanding of the precise nature of 
the job they want to fill and of the characteristics 
and qualifications of the man they need to fill it. 
In all these things there is also a need for candour 
as well as clear thinking. As Mr. Brown put it 
*“above all else be honest with yourself, the 
company and the candidates.” 
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Letters to the Editor 


SEA-DEFENCE WORKS 


Sir, | have read with interest your article on the 
model of Southampton Water, which appeared 
on page 198 of your issue of February 14. 

In 1936-37, | was the contractor carrying out 
sea-defence work at Milford-on-Sea, which lies 
just west of Hurst Castle. Part of the work was 
the construction of long groynes designed to 
build up the foreshore by catching the littoral 
flow. Possibly as a result of these groynes, the 
Hurst spit level was lowered and the sea broke 
over the top. An alarm was started by a Sunday 
newspaper article, which pointed out that, if 
the sea was allowed to break through inside 
Hurst Castle, the eddy currents which flowed 
back through the shingles banks would be upset, 
and that, as a result, the scouring action of the 
currents would be diminished, causing in turn 
the silting up of the deep Needles Channel. 
This matter was investigated by the Southampton 
authorities in conjunction with the Borough of 
Lymington, but no action was taken because, 
ultimately, the foreshore demand was saturated 
and the Hurst spit re-established. It was 
interesting, too, that the level of the shingles 
banks fell during this period. 

I mention this episode as an example of the 
potential damage which can arise as a result of 
unco-ordinated action by sea-coast authorities. 

Yours faithfully, 
C. V. BowLes. 
Bebington, Cheshire. 
February 19, 1958. 


RAILWAY COACH VIBRATIONS 


Sir, In his letter, published on page 227 of your 
issue Of February 21, Mr. J. C. Loach says that 
to work on the mean acceleration in assessing 
the riding of a railway coach can be misleading, 
as “ it can affect the answer by 100 per cent... .”” 

An examination of the numerical examples 
which accompany Mr. Loach’s paper to the 
Institution of Locomotive Engineers suggests 
that little error is incurred by working on the 
average acceleration throughout a test in applying 
the author’s method, as well as on the average 
frequency (a simplification which is already 
mentioned in the paper). Over the range of 
accelerations and frequencies mentioned in the 
paper, the maximum correction to acceleration 
required to bring it to its equivalent at the stan- 
dard frequency is only about 23 per cent. To 
assess the motion on its mean acceleration alone 
does not, therefore, bring in a serious error. 

The curves of “ equal fatigue’’ are almost 
rectangular hyperbolas, so that the author's 
“comfort riding factor” is approximately 
proportional to the inverse of the equivalent 
acceleration; that is, on the above assumption, 
it is inversely proportional to the mean accelera- 
tion recorded. While assessing the motion by 
its mean acceleration may not be so accurate 
as the author’s method, it is very much simpler, 
and unless the curves of ‘ equal comfort” and 
** equal fatigue’ are very accurate, there seems 
to be little gain in using them. 

Yours faithfully, 
A. F. Cook. 

Engineering Laboratory, 

The University, Southampton. 
February 23, 1958 


SUPER-AGENCY 


Sir, In the interest of lower labour turnover, 
better staff placement, greater industrial happi- 
ness and higher productivity, why can’t all 
employers advertise for personnel through a 
single central agency (which is already in 
existence) ? 

Sincerely yours, 

M. S. Levy. 

London, E.10. 
February 20, 1958. 
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Plant and Equipment 
CONE ROLLING SIMPLIFIED 


A four-roll initial pinch type plate bending machine built by the Bronx 
Engineering Company Limited, Lye, near Stourbridge, Worcestershire, 
incorporates a new feature which enables cones to be rolled by a 
** one-pass ’ procedure in the same way as cylinders, and so eliminates 
the rather tedious working to datum lines which is necessary to produce 
cones on a three-roll pyramid machine. 

With a capacity of 8 ft. by $ in. in mild steel plate, the machine is 
generally similar to other four-roll initial pinch machines of Bronx 
design, the housings and base being of heavy fabricated steel construction, 
while the rolls are machined from steel forgings. Power is transmitted 
through gearing to the top and bottom rolls, the two side rolls being 
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idle. 


There is power adjustment for the two side rolls, and the bottom 
roll can be moved in a vertical line to allow for different plate thick- 
The side rolls can also be tilted to allow cones to be rolled, 
when the special feature of the machine comes into use. This is a skid 
When a cone is being rolled, the 
small side of the blank, which will form the small diameter of the cone, 
will skid on the face of the plate, and allow for the difference in 
Rolling of a cone is thus done 
in the same way as a cylinder, except that the side rolls are tilted to suit 


nesses. 


plate on the right-hand housing. 


diameters at the two ends of the cone. 


the cone angle. 


ELECTRICITY IN DOCKLAND 


In a paper, entitled ‘‘ Electrical Installation in 
Large Dock Areas,”’ presented before the Associa- 
tion of Supervising Electrical Engineers, on Janu- 
ary 30, Mr. M. Rundle described the growth of 
electricity in the London docks. It was in 1880 
that the first electric lighting was installed and in 
1894 that the new power was applied to travel- 
ling cranes. However, the first dock designed 
to use electricity on a large scale was the King 
George V which was opened in 1921. 

As regards distribution, the original system 
became steadily more inconvenient as_ the 
docks started to use more and more electrical 
plant. This led to the introduction of a high 
voltage distribution system for alternating cur- 
rent, but much of the existing plant operates on 
direct current and is too costly to replace imme- 
diately. The bulk of the power distribution 
therefore remains direct current with mercury-arc 
rectifiers supplying the load. 

Various systems are in use for controlling 
crane operation. One of the latest is the use of 
pilot motors for driving the hoist and luff: master 
control relays govern the rate of acceleration 
of these motions. Another is the use of two 
a.c. slipring motors for the hoist mechanism; 
the larger, rated at 75 per cent. of the normal 


ROTARY AIR COMPRESSOR 


The rotary air compressor now being produced 
by Broom and Wade Limited, High Wycombe, 
the first of its type to be designed and made 
in Europe, is available in a range of sizes 
delivering from 120 to 630 cub. ft. of free air per 
minute at 100 Ib. per sq. in. It is supplied as 
a portable unit, for which its light weight 
(about two-thirds that of a reciprocating com- 





Rotary type two-stage air compressor of 120 cub. 
ft. capacity, the smallest in a range of portable 
machines made by Broom and Wade Limited. 


h.p., is geared to run the hook at the crane’s 
rated speed, and the smaller, rated at 50 per 
cent., runs the hook at doubl: speed. The small 
motor can be connected either to raise or to 
lower the hook but the large one is always con- 
nected to hoist. 

When lowering, the main motor has its rotor 
open-circuited and thus exerts no torque. As 
the speed of lowering increases the rotor voltage 
rises and voltage-sensitive relays operate con- 
tactors which introduce rotor resistance in 
successive stages. The opposing or retarding 
torque thus produced by the main motor prevents 
overhauling while the maximum value of the 
speed is dependent upon the settings of the 
voltage relays and the position of the master 
controller. 

During hoisting, the main and small motors 
assist each other, but the small motor has rotor 
resistance in circuit which limits its speed 
to correspond to that of the main motor. 
Creeping notches and some plain rotor resistance 
stages are provided. With light loads or empty 
hook a load relay operates, cutting out the main 
motor and automatically accelerating the small 
motor so that hoisting takes place at twice the 
normal full-load hoisting speed. It is hoped 


pressor) and small size make it particularily 
suitable. Petrol or Diesel engines of well-known 
makes provide the drive. The compressor is 
simple in design and of proved reliability. An 
order at present in hand for the Canadian 
Government was based on satisfactory per- 
formance over 1,000 hours’ continuous 
running of a production machine. Conditions 
in the test ranged from arctic to equatorial. 

All the compressors in the range are of the 
same design; only the size varies. Air is com- 
pressed in two stages by rotors with sliding 
blades, running in a flood of oil injected through 
nozzles into the two compression stages. This 
oil, which is circulated by gear-type pumps 
driven from the high-pressure rotor, serves to 
lubricate the moving parts, to seal the sliding 
faces against air leakage, and to cool the com- 
pressor, for which purpose it is passed through 
a radiator. Power is supplied by a petrol or 
Diesel engine of well-known make, through a 
gear coupling to the low-pressure rotor, which 
is coupled, in turn, to the high-pressure rotor by 
machine cut hardened gears. 

Air is drawn in through an oil-bath suction 
filter, compressed in two stages, and discharged 





Provision of a skid plate on this Bronx four-roll plate bender makes it 
possible to roll a cone by the procedure used for a cylinder. 


that with this arrangement not only will the 
performance be improved but also the main- 
tenance will be reduced. 

Apart from the cranes, mobile vehicles are 
being used in greater numbers for cargo handling. 
Many of these are battery driven and Mr. Rundle 
makes the point that the electric vehicles though 
cheaper to operate and maintain are usually 
slower than their petrol or Diesel counterparts 
and in some cases the batteries have not sufficient 
capacity to give a full day’s work without requir- 
ing a re-charge. 

Another service now in use is the radio-tele- 
phone for both ship-to-shore and police work. 
Amplitude modulation is used and the equip- 
ment operates in the 99-4 Mc/s band. There 
are also local stations providing the Dockmaster 
with communication to the floating cranes, 
dredgers, and tugs working in his area. Some 
nine base stations and 96 motile stations are 
in use. 

Maintenance is organised on an area basis and 
the force includes some semi-skilled men such as 
lamp attendants who help to relieve the load on 
the skilled staff. A battery-driven mobile work- 
shop is available for general services; exten- 
Sive repairs are made in a central shop. 


through a plate-type non-return valve to an air 
receiver/separator, which functions not only as 
a storage vessel for the compressed air, but also 
as a reservoir for the compressor cooling and 
lubricating oil. The compressor is mounted, 
with its engine, in a steel chassis, of two-wheeled 
or four-wheeled type and equipped with tow-bar, 
brakes and sheet steel housing. 


HIGH SPEED ROUTING 


Routing is a convenient method of machining 
many components, and with the new routing 
cutter introduced by Clare Collets Limited, 
Wright-street, Broadheath, Altrincham, Cheshire, 
very fast rates of metal removal are possible. 
The cutter is specially designed for ease of 
chip flow in slots and cavities, where chips are 
not otherwise cleared easily, and has a high 
spiral, high rake, and the greatest possible chip 
area. The standard range of cutters is from 
x in. to 24 in. in diameter, with three flutes, 
and 2} in. to 3 in. in diameter, with five flutes. 
Cutters above 3 in. in diameter can be made. 
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Continuing Plant and Equipment 


BALING 
HEAVY SCRAP 


To meet the requirements of Colvilles Limited, 
for baling heavy grade steel scrap, a_ triple- 
compression press has been built by Fielding and 
Platt Limited, Gloucester. Scrap is compressed 
in three stages, the product being a bale 24 in. 
by 224 in., and about 56 in. long, the actual lengih 
depending upon the nature of the scrap and the 
loading of the press. The bale weight is approxi- 
mately one ton, and the output is up to about 
20 tons per hour. All the baler movements are 
controlled by a single operator, working at an 
elevated console-type desk, which is equipped 
with a handwheel selector for the various 
operations in the baling cycle, and push buttons 
for the valves and electrical equipment. Indicator 
lamps and pressure gauges on the desk panel 
enable the operator to check the press operations. 

Scrap for baling is first loaded by crane into 
a tilting hopper of 300 cub. ft. capacity. This 
hopper, tilted hydraulically, discharges the 
material into the baler box, which is 9 ft. long, 
7 ft. wide and 3 ft. deep. Initial compression 
is then applied, by means of a massive hinged 
cover, which is closed hydraulically, and distri- 
butes a load of 270 tons over material in the 
baler box. Steel shear blades are fitted to the 
two long sides of the cover, and these, acting 
with blades on the box, shear through any scrap 
which may be overhanging the sides. The 
blades are detachable, to allow for sharpening 
and eventual renewal. 

When the cover is down, the box is completely 
closed, and the secondary compression, with a 
load of 360 tons, is applied along the long axis 
of the box, three hydraulic rams being used. 
Finally, a single ram, moving at right angles to 
the secondary compression completes the com- 


BRUSH HOLDER REDUCES 


The Morgan Crucible Company Limited, Batter- 
sea, London, S.W.1, announce they have 
secured the rights to manufacture a novel type 
of commutator brush-holder pressure finger—for 
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Fig. 1 The construction of the brush holder can 


be seen from the drawing. Electrical contact 
is by the flexible lead and the metal sleeve. 
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Bales of about a ton in weight are produced from scrap steel at the rate of 20 an hour on this 
Fielding and Platt scrap baler. 


pression with a load of 480 tons. An ejection 
door in the side of the box is then opened 
hydraulically, and the final compression ram 
pushes the bale outside the box. 

Oil under pressure for operating the baler is 
supplied by a battery of Fielding totally-enclosed 
reciprocating pumps, which are complete with a 
supply tank, and work at a maximum pressure 
of 3,000 lb. per sq. in. Thrustor-operated 
valves control the hydraulic cylinders, and by-pass 


COMMUTATOR WEAR 


use particularly with split brushes—and the 
associated brush holder. The arrangement is 
applicable principally to traction motors but 
can be applied to any type of machine where 
maximum brush stability is required. The 
patent is owned by Signor Ing. G. Giambonini, 
Bellinzona, Switzerland. 

Fig. 2 shows a holder incorporating the special 
pressure finger arrangement. The system is 





Fig. 2. The Giambonini brush holder has reduced 
commutator wear in some instances by a factor of 
between five and ten. 


valves in the circuit allow the pump motors to be 
started under no-load conditions. To prevent 
incorrect operation, electrical interlocks are 
provided to ensure that the hopper can only 
be tilted when all the pressing rams are clear 
and the box is open; that the secondary pressing 
rams have completed their stroke before final 
pressing begins; and that the ejection door 
cannot be closed until the final pressing ram has 
been withdrawn. 


shown diagrammatically in Fig. 1. The pressure 
finger bears on a resilient insert which contains 
a pressure-distributing rod. Contact to the 
brush is made by a metal sleeve. 

The Giambonini holder has undergone exten- 
sive testing on the Swiss Federal Railways. The 
results have been good and the decision was 
taken last year to convert the motor brush 
holders on all the existing locomotives to the 
new system. All motors since ordered have 
the new holder. Its particular advantages are 
the improved condition of the commutators 
resulting from its use, and reduction in brush 
wear. On the 16% c/s traction motors of the 
Swiss Federal Railways, the period between 
successive reconditioning of the motor commu- 
tators has increased five to ten times, and the 
brush life has almost doubled. 


HANDLING MACHINES 


The range of mechanical handling and material 
moving equipment manufactured by DeMag 
Baggerfabrik G.m.b.H., is now available in this 
country through Wood, Pritchett and Partners 
Limited, Mechquip House, Goldhawk-road, 
London, W.12. The standard range of excava- 
tors now being produced by the firm is from 
$ to 9 cub. yards capacity, and it has been 
announced that some new models incorporating 
hydraulic and air systems are to be produced. 
Cranes (mobile, truck and rail models) range 
from 5 to 60 tons capacity, and will incorporate 
the air control features of the excavators. In 
addition to standard production, one of the 
DeMag Baggerfabrik factories is organised to 
manufacture special handling plant such as 
mammoth excavators and cranes to customers’ 
orders. 
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Special Article 


FOUR STEPS TO ORBIT 


Vice-Chairman of the’ British Interplanetary Society 


On January 31, at 10.55 p.m. local time, an 
instrumented satellite was launched from the 
Long Range Proving Ground, Cape Canaveral, 
Florida, giving a much needed boost to the 
morale and prestige of the United States. 
However, despite the intensive work on artificial 
satellites that has gone on during the past three 
years under the auspices of the Naval Research 
Laboratory (the Vanguard Project), it was an 
independent project of the United States Army 
that won the day, and at that one developed by 
the group of ex-Peenemiinde scientists at Red- 
stone Arsenal. 

The history of America’s current satellite 
projects apparently dates from 1952, when the 
Office of Naval Research carried out a prelimi- 
nary investigation into the design of minimum 
satellite vehicles.* At the time this design study 
was begun at the O.N.R. only two rocket vehicles 
seemed likely to fulfil the performance require- 
ments of the first stage of a small satellite 
vehicle: namely, the Navy’s Viking rocket used 
for upper atmosphere research, and the Army’s 
Redstone, a large tactical missile designed to 
carry a heavy nuclear warhead. Of the two, 
Redstone appeared to offer the greater promise, 
though it had not yet been fired. 

With an overall length of 62 ft. and a body 
diameter of 5 ft. 10 in., Redstone is easily the 

* The British Interplanetary Society has received 
a letter from Mr. Satin of the American Rocket 
Society, acknowledging the value of the paper, 
‘Minimum Satellite Vehicles,’ in the planning of 
Project Orbiter in 1952 ; this was presented by three 
engineer-members of the Society at the second Inter- 
national Congress on Astronautics, in London in 
1951. Orbiter was a forerunner of the present 


Jupiter ‘‘C”’ Explorer satellite vehicle. 





«. 


largest rocket in service outside the U.S.S.R. 
Its design clearly reveals influences of the V-2 
although several new features have been em- 
bodied. The airframe, for example, is built in 
two halves—the rear section containing engine, 
propellent tanks, low-speed stabilisers and control 
surfaces, and the front section housing inertial 
guidance equipment, warhead and three small 
aerofoils which effect trajectory corrections. 
After cut-off velocity is reached at about Mach 
5-0, the warhead and 
guidance compartment 
separates from the tail 
section of the rocket 
and continue as a sepa- 
rate entity to the target. 

The engine is a single 
unit of 75,000 Ib. thrust 
by North American 
Rocketdyne, using liq- 
uid oxygen and alcohol. 
As in the V-2, stability 
and control are ensured 
by gyro-controlled re- 
fractory vanes impinging 
in the exhaust jet, but 
the missile has a much 
superior guidance sys- 
tem. 

Originally test-fired at 
Cape Canaveral in May, 
1953, Redstone has been 
produced in quantity by 
Chrysler’s in Detroit, 
though it was only in 
September last year that 
it became operational 
with the United States 
Army. During the long 
intervening period, the 
missile has been put 
through the most rigor- 
Ous testing programme 
with the result that the 


The U.S. Army firing 
crew at Cape Canaveral, 
Florida, make last min- 
ute checks before the 
Jupiter ‘*C’’ is launched. 
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By Kenneth W. Gatland, Frag. 





As the Jupiter ‘* C ”’ blasts off from its launching 

pad, the final stages bearing the satellite are 

spinning rapidly. The launching was carried out 

at night, after the strong winds that had delayed 
firing had subsided. 


final weapon has the highest standards of 
reliability. It has a range of 200 to 400 miles and 
over the shorter distance can carry a payload of 
over 4,000 lb. This impressive payload capacity 
made the rocket an obvious choice for development 
as the basis of a 3 or 4 stage satellite vehicle. 

The original scheme (Orbiter) was to establish 
a 5 Ib. satellite in orbit at a height of 200 miles 
and to achieve this it was proposed that the 
Redstone should be adapted to carry clusters of 
Loki rockets in its nose. Loki, an unguided 
solid-rocket 6 ft. long and 3 in. in diameter, 
had been developed by the Grand Central Rocket 
Company from a German_liquid-propellant 
rocket known as Taifun, intended for use by the 
Army as a barrage weapon against low-flying 
aircraft. Although Dr. Wernher von Braun, 
designer of the Redstone missile, took an active 
part in these studies from the very beginning, 
the scheme was not adopted until June, 1954, 
when, under the joint sponsorship of the Army 
and Navy, it was planned to have the Orbiter 
ready for firing by the summer of 1957. The 
work was initiated on a grant of 88,000 dollars 
from the O.N.R. 

Meanwhile, scientific interest in small artificial 
satellites was growing and four months after 
work began on the Orbiter vehicle (in October, 
1954), a special meeting of the I.G.Y. in Rome 
issued the following recommendation: ~ that 
thought be given to the launching of small satel- 
lite vehicles, to their scientific instrumentation 
and to the new problems associated with satellite 
experiments, such as power supply, telemetry, 
and the orientation of the vehicle.” This served 
to focus a great deal of interest in the United 
States on the prospects for launching artificial 
satellites during the current International Geo- 
physical Year and the National Committee for 
the I.G.Y. gained support from the United 
States Government, with the result that various 
firms and agencies were invited to submit their 
own satellite schemes. Aerojet-General, tor 
example, proposed a vehicle comprising the 
Bomarc rocket booster, Aerobee-Hi and a solid- 
rocket third-stage; Glenn Martin put up their 
own scheme drawing on experience with the 
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The instrumentation and telemetry of the satellite 

are designed to gather four types of information: 

skin temperature, internal temperature, micro- 
meteor erosion, cosmic-ray intensities. 


Viking, while von Braun’s group at Redstone 
Arsenal submitted their Orbiter design. 

When the issue was decided, however, it was 
Martin’s proposal that was adopted and thus, 
in 1954, the Navy assumed outright responsi- 
bility for the official 1.G.Y. satellite programme 
under the name of Vanguard. And incredibly 
enough, less than a year later, the Orbiter project 
was quietly called off on the grounds that a 
satellite project based on a military rocket would 
reflect unfavourably against the United States in 
world affairs. But although this decision must 
have been a considerable disappointment to 
von Braun and his colleagues, the central idea 
of developing a Redstone step-rocket was not 
abandoned. New solid-fuel rockets were coming 
along and these made the scheme look even 
more attractive. 

It was about this time that the Army Ballistic 
Missile Agency (A.B.M.A.) was given a bigger 
missile project, the 1,500 miles range I.R.B.M. 
which subsequently became known as Jupiter. 
This impressive missile, which has a_ take-off 
weight of about 45 tons, achieved its full design 
range in tests last year and is one of the two 
intermediate-range ballistic missiles being sup- 
plied to Europe, the other being the U.S.A.F.’s 
Thor. 

It was while Jupiter was still in an early stage 
of development that von Braun conceived a way 
of continuing support for the Redstone step- 
rocket while, at the same time, aiding the 
development of the ballistic missile programme. 
The rocket would serve the double purpose of 
testing the re-entry of ballistic warheads at high 
speeds in the atmosphere and, if need be, could 
be rapidly adapted to launch a small artificial 
satellite. To ensure that the project received 
the necessary backing, the rocket was called 
Jupiter ** C,” to give it the benefits of Jupiter's 
high priority. This enabled work on_ the 
Redstone step-rocket to proceed at an unprece- 
dented level, and work was put in hand to modify 
a number of missiles. First, the detachable nose- 
section of the Redstone was removed and the 
airframe extended to accommodate longer 
propellent tanks. In the original rocket, the 
propellent was liquid oxygen and alcohol, 
and to help boost the performance, an “ exotic” 
fuel called Hidyne was substituted. The 
ballistic nose-cone of the Redstone was modi- 
fied to accommodate a 30 in. diameter 
spinning “ bucket” to house the second and 
third rocket stages—a total of fourteen 6 in. 
Baby Sergeants in two concentric rings, 11 in 
stage two and 3 in stage three. Immediately 
beneath the launcher was the guidance equipment 
responsible for programming the flight. 

On September 20, a Jupiter “ C” carrying a 
special ballistic nose-cone attached to the third 
stage was fired from Cape Canaveral, rising to 
a height of over 600 miles at the middle of its 
trajectory and falling into the sea no less than 
3,300 miles south-east from Florida—a convinc- 
ing demonstration. To adapt the vehicle as a 
satellite launcher it was only necessary to add a 
further Baby Sergeant to the nose of the triple- 
unit third stage and attach the satellite at its 
head. This conversion was carried out by the 
Jet Propulsion Laboratory (California Institute 
of Technology) who supplied the solid-rockets. 

The satellite launching vehicle was ready by 
October, 1956, but despite repeated appeals by 
von Braun, A.B.M.A. was refused permission to 
fire it. It was, in fact, not until two Russian 
satellites were already in orbit that, on Novem- 
ber 8, 1957, von Braun’s group were called on 
to take part in the attempts to launch a satellite. 
The launching date was arranged for January 29 
but very high winds prevented any possi- 
bility of firing throughout that day and the next. 
However, by the afternoon of January 31 the 
winds had abated and at the first attempt the 
night launching was successful. 

After taking off vertically from the launching 
base, the vehicle veered to the south-east along 
its programmed trajectory, the first stage burning 
out at a height of about 60 miles after about 
145 seconds. At this point, the nose-cone of the 
Redstone first stage (complete with the spin- 
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rotating solid-rockets) separated from the pro- 
pulsion section and coasted to the zenith of the 
trajectory. During this period, jets of com- 
pressed air kept the spinning “* bucket ” of solid 
stages on the right heading until, at the precise 
moment, when the launching assembly was 
parallel with the earth’s surface, the stage two 
cluster was fired by radio command from the 
ground, in accordance with tracking data. The 
solid stages each fired for 6 seconds with a two 
second delay between ignition, and the satellite 
entered the orbit 6 minutes 52 seconds after 
take-off. 

Unlike the Vanguard (spherical) satellites, the 
Army model—called Explorer—is cylindrical, 
approximately 2 ft. 6 in. in length and 6 in. in 
diameter; the instruments it carries weigh 
approximately 11 lb. However, as the package 
remains attached to the launching rocket, the 
orbiting vehicle actually has a length of 6 ft. 8 in. 


(Right). Solid-fuel 
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and weighs 30-8 Ib. Instrumentation and 
telemetry in the satellite are designed to gather 
and transmit four types of information. These 
are: (1) skin temperature (i.e., surface of the 
projectile), (2) internal temperature, (3) micro- 
meteorite erosion, and (4) cosmic ray data. 
The major part of the package is a cosmic 
radiation device—a Geiger counter—designed 
by Dr. J. A. Van Allen of the State University 
of lowa. The Air Force Cambridge Research 
Centre devised the micro-meteorite experimen t 
while the Jet Propulsion Laboratory was res- 
ponsible for the temperature sensors. The J.P.L. 
also provided the radio transmitters and 
assembled the satellite. 

The Explorer has two transmitters powered 
by batteries. The first was developed by Dr. 
W. H. Pickering of the California Institute of 
Technology, who adapted the Microlock system 

originally used for the radio tracking of 
ballistic missiles—to the requirements of satellite 
operation. This unit has been designed to give 
readable signals over a very narrow frequency 
range, and batteries are carried sufficient to 
keep the transmitter operating for two or three 
months. It operates on 108-03 Mc/s, with 
10 milliwatts power. The second and more 
powerful transmitter works on a frequency ol 
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108-00 megacycles, with a power of 60 milliwatts. 
This is essentially a Minitrack transmitter of the 
type developed for Vanguard and is expected to 
last for about two or three weeks. 

The Explorer satellite was launched at an 
angle of 32-8 deg. to the equator and early 
measurements showed that the vehicle was 


orbiting with a perigee of 219 miles and an 
apogee of 1,587 miles, completing an orbit of 
the earth every 114-95 minutes. This is expected 
to result in the satellite having a longer lifetime 
than either of the Russian Sputniks; some 
estimates suggest over a year. 

Plans are now in hand to launch heavier and 
more sophisticated satellites which, it is officially 
stated, will report on magnetic fields, ionisation, 
earth cloud patterns and many other phenomena 
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in addition to the type of data now being recorded 
by the Explorer. Unofficial and Semi-official 
estimates speak of satellites we ghing 309 
700 and 2,000 Ib., and of orbiting vehicles 
with miniature television cameras and trans. 
mitters on board. The next step, apart from 
further attempted launchings of Explorer and 
Vanguard, will be the adaptation of the Jupiter 
L.R.B.M. as the first stage of a larger satellite 
vehicle. 





Jupiter ** C ”/Explorer satellite | 



























































_ Redstone XM5 Jupiter “C” shirde Jupiter I.R.B.M. eae "5 — 
————— - ——_—_—_—_—— —— —_ ——_— 7 ee mma ’ — ; — —___. 

Length, overall 62 ft. 63 ft. 68 ft. 6 in. | DR. | 75/85 ft. 

es } er : : ae 

Body diameter, max. | 6 ft. 6 ft. (stage 1) 6 ft. (stage 1) | 8 ft. 6 in. | 8 ft. 6 in. 

ee | oo | - | a es 

Fin span... is . J 12 ft. 12 ft. (stage 1) 12 ft. (stage 1) | Finless Finless 

Sok BERN | ; — a 

Launching weight | Not available Not available | 65,000 Ib. (2) 100,000 Ib. 100,000 Ib. plus 

——— — | | ——_ 

Payload weight 4,000 Ib. plus Re-entry cone | 10/11 Ib. inst.; 30-8 Ib. incl. | 2,000 Ib. min. 300 Ib. reconnaissance satel. 

| Stage 4 casing | lite (2) 

Thrust 75,000 Ib. | 78,000/83,000 Ib. (stage 1, late | 78,000/83,000 145 sec. |  150,000/160,000 Ib. 150,000/ 160,000 Ib. (?) (stage 1) 
models) | (stage 1) | 

Propellent .. Liquid oxygen/alcohol Liquid _oxygen/alcohol or | Liquid oxygen/‘* Hidyne ” | Liquid oxygen/kerosine | es oxygen/kerosine — or 
* Hidyne ” | | idyne 

| - — 

ae ee ee ii es a . A m 

Staging None—Single stage Redstone + II 3 Baby Redstone 11 3 1 Baby | None—Single stage Jupiter + Sergeants (?) 
Sergeants Sergeants | 

Cut-off velocity Mach 5-0 Mach 15-0 (final stage) | 18,000 m.p.h. (final stage) | Mach 10-0 | 18,000 m.p.h. (final stage) 

Range 200 miles plus 3,300 miles (final stage) | Global 1,500 miles | Global 

! | | 


Characteristics of rocket vehicles produced by the Army Ballistics Missile Agency at Redstone Arsenal, Alabama, including the Jupiter “* C ”’ Explorer satellite vehicle and the proposed “Reconnais- 


sance "’ satellite vehicle based on the larger Jupiter I.R.B.M. 


BORON-CONTAINING ROCKET PROPELLENTS 


By a Fellow of the British Interplanetary Society 


The first satellite vehicle launched from the 
United States, called ‘* Explorer,” is understood 
to have had its first-stage launching rocket 
motor operating on a fuel containing boron. 
Fuels of this kind are expensive and they must 
be synthesised, since they do not occur naturally, 
and we may ask why it is desirable to go to 
such trouble when there are available rocket 
propellents which are well-tried and reliable. 
The answer lies in the exhaust velocity which is 
achieved. If we consider the simplest possible 
rocket vehicle trajectory, in which the vehicle 
is subjected to neither gravitational forces nor 
drag, simple dynamic analysis shows that the 
maximum velocity achieved by the vehicle, 
relative to its launching point, is proportional 
to the velocity with which the exhaust gas 
leaves the rocket and to the natural logarithm 
of the ratio between the masses of the vehicle 
at take-off and at all-burnt. In a similar but 
more complicated way we may obtain expressions 
for the maximum altitude reached by a vertically- 
fired sounding rocket from the earth’s surface, 
or for the altitude to which a launching rocket 
could deliver a satellite with some desired hori- 
zontal velocity. The second of these two cases 
is not easy to analyse, but we may approximate 
for the first case and say that the maximum 
height on vertical flight is proportional to the 
square of the product of the exhaust velocity 
and the natural logarithm of the reciprocal of 
the mass ratio. 

The exhaust velocity depends to a great 
extent upon the mean molecular weight of the 
exhaust products and on the heat released in the 
reaction between fuel and oxidant. Boron has 
an atomic weight of 10-8 compared with 12-0 
for carbon, and the heat released in the com- 
bustion of certain boron compounds with air or 
oxygen is much greater than that of similar 
compounds based on carbon. 

The first stage of the Explorer launching 
vehicle, called Jupiter “* C,”’ consists of a modified 
Redstone vehicle: this is the intermediate-range 
ballistic missile test vehicle developed by von 
Braun’s team at Redstone Arsenal, and, like 
its forerunner the V-2, its motor is normally 
fed with liquid oxygen (“lox”) and ethyl 
alcohol. This combination gives an exhaust 
velocity of about 7,800 ft. per sec. By substitution 
of a boron hydride (pentaborane) for the alcohol, 


an exhaust velocity of about 9,000 ft. per sec. 
should be achieved, without, perhaps, much more 
alteration than changing the sizes of the fuel 
injector holes in the rocket engine. Penta- 
borane has a specific gravity of 0-61, and it is 
likely that as a result of the necessary change in 
propellent mixture ratio (lox/alcohol, 1-5 to 1 by 
mass; lox/pentaborane, 2 to 1 by mass) to 
obtain the best performance, there would be no 
need to enlarge the fuel tank to compensate for 
the reduction in fuel specific gravity. The 
specific gravity of ethyl alcohol is 0°83. It 
appears, therefore, that the total mass of pro- 
pellents with which the vehicle can be filled is 
the same whichever fuel is used, and so the 
maximum achievable altitude in vertical flight 
will increase in the proportion (9,000/7,800)?, or 
about 30 per cent. more. For the satellite 
launcher the altitude gain will be less, since there 
must always be some horizontal velocity, but 
an increase in perigee altitude of say 20 per cent. 
seems not unreasonable. Such an _ increase, 
from say 160 miles to 200 miles, would be the 
making of a satellite programme, since the 
decreased air density at the greater altitude will 
greatly increase the lifetime of a light satellite 
such as Explorer. 

The Redstone rocket engine, made by North 
American Aviation, has a thrust of 75,000 Ib. 
on lox/alcohol: it is reported that, when oper- 
ating on liquid oxygen and the boron fuel, the 
thrust is increased by only 3,000 Ib. to 78,000 Ib. 
The reason for the increase being smaller than in 
the ratio of the exhaust velocities is that the 
higher temperature and lower mean molecular 
weight of the gases reduce the mass flow rate 
that passes through the nozzle throat: it follows 
that, for a given total propellent mass, the 
burning time will be increased, thus allowing 
more acceleration to take place with the vehicle 
above the atmosphere. 

The boron fuels which have been developed 
so far are all boron hydrides, although other 
compounds, perhaps containing aluminium as 
well, are available and of some theoretical 
interest as rocket propellents. The manufacture 
of the boron hydrides, or boranes, has, however, 
been developed to a great extent in the United 
States as a part of the U.S. Navy’s “ Zip” 
project, which is aimed at improving the range 
and performance of carrier-based aircraft. When 


burnt with air or oxygen, boranes liberate about 
17,000 CHU per lb., compared with about 
10,000 CHU per lb. from kerosine. Such an 
increase in energy storage is a decided advantage 
in jet aircraft operation, where the fuel-tank 
volume is strictly limited but air is free and 
plentiful; but naturally there is not such a great 
return in rocket operation, since the oxidant also 
has to be carried. Three boron hydrides are 
currently available; a few data are given in the 
table. 


Mol. | Melting | Boiling | 


: Specific 
_ er | point, point, : 
weight | deg. C des. C. | gravity 
| 
; E | > | 43 
Diborane (BoH¢) nt 27-7 165 | 92 0-43 
Pentaborane (BsHg9) ae 63-2 47 00 | 0-61 
Decaborane (BjoH,4) ..| 122-3 100 | 213 0-94 
On account of their favourable _ specific 


gravities and liquid-phase temperature ranges, 
pentaborane and decaborane are receiving more 
attention than diborane. As suggested above, 
Jupiter “*C” probably uses pentaborane, and 
this choice is made more likely by consideration 
of the freezing point temperature of decaborane: 
no one would want to provide~ heating Jackets 
for the fuel system to ensure that freezing did 
not occur either before launch or in flight. 

The manufacture of the boranes, like other 
artificial ** exotic ” propellents, is believed to be 
fairly complicated, and the fuel is unlikely to 
be cheap although there is no shortage of boron- 
bearing minerals. Diborane is prepared, in one 
method, by the addition of lithium hydride 
to boron trifluoride, the diborane coming off as 
a gas at room temperature: 

6 LiH +2 B F,(C,H,;) O>B,H, + 6LiF + 2(C,H;)0. 

Manufacture of the higher compounds may 
consist of modification of diborane or of 
altering the basic diborane reaction. 

Both the Cathery Chemical Company and the 
Olin Mathieson Chemical Corporation are 
making borane fuels, and the former has pfo- 
duced a borane which is intended as a con- 
stituent for solid propellents for rockets, perhaps 
in conjunction with lithium perchlorate as the 
oxidant (see ENGINEERING, January 17, page 74, 
1958). 
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FOUR SEATER WITH BELT-DRIVE AUTOMATIC TRANSMISSION 


Great interest has been aroused at the Amsterdam 
Motor Show by the new Dutch small gat, the 
DAF 600, which combines a most “original 
mechanical specification with a very attractive 
external appearance. The car, which is the 
product of the Van Doorne brothers, well-known 
Dutch truck manufacturers, exists at present in 
prototype form, but production is expected to 
begin at the end of the year. It is a two-door 
all-steel saloon of unit construction with four full 
sized seats and a flat twin air-cooled o.h.v. 
600 c.c. four-stroke engine at the front, driving 
the rear wheels. 

Most interesting feature is the Variomatic 
automatic transmission utilising belt drive. 
There is no clutch pedal, as the centrifugal clutch 
using fabric lined shoes inside a drum is used only 
for starting and stopping, and no gear change 
lever as the belt drive gives infinite variations of 
ratio between 20:1 and 4:4:1. There is, 
however, a forward and reverse lever mounted 
by the hand brake. From the clutch the drive 
passes through an enclosed propeller shaft to a 
pinion engaged with two crown wheels. A 
splined sleeve mov ng transversely locks one 
crown wheel to the transverse drive shafc and 
frees the other, thus providing forward or reverse 
motion. 

The final drive is through a pair of belts, 
one to each wheel, with the driving pulleys on the 
ends of the transverse drive shaft. Both driving 
and driven pulleys have conical faces which can 
be brought together or moved apart to vary their 
effective diameter in response to speed and load. 
Centrifugal force acting on revolving bob weights 
tends to force the pulley discs closer together as 
the speed rises, thus raising the effective gear 
ratio. In addition, the moving flange of each 
pulley is connected to a vacuum cylinder having 
a connection to the inlet manifold, so that the 
transmission always tends to give the highest 
possible ratio corresponding to the throttle 
opening. The flanges of the driven pulleys 
are simply spring loaded to maintain belt tension 
when the drive ratio varies. 

When the car starts the driving pulley flanges 
are far apart and the driven flanges are close 
together giving the lowest possible gear ratio, 
but as the speed rises the bob weights force the 
driving flanges closer together, giving a higher 
gear. A transmission similar in principle to 
this has been in production for some time on 
the DKW Hobby scooter; a similar arrangement 
is used to drive the McCullogh supercharger on 
Studebaker and Packard cars. The A.C. Petite 
3-wHeeler has used belt drive for some years, 
but this is the first attempt in recent times 
to drive a full four-seater car by belts. One 
disadvantage of the transmission is the reduced 


The Variomatic trans- 

mission changes ratio in 

accordance with speed 

and throttle setting. The 

illustration below shows = 

the drive to the rear 

axles, and on the right is 

a detail of one of the 
speed-change pulleys. 

a Forward and reverse clutch 

b Belt tension spring 

c Flyweight 


d Vacuum cylinder 
e Connection to atmosphere 


(5081) 
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engine braking down hill, as it changes auto- 
matically to the highest gear under light load, 
but this need not be a serious disadvantage in a 
flat country like Holland. The transmission 
also functions as a non-slip differential, for if one 
wheel loses adhesion, full torque is still applied 
to the other wheel, and the pulley diameters 
are automatically adjusted to compensate for the 
effects of cornering. 

There are no universal joints in the trans- 
mission. Each rear wheel is mounted on a single 
wishbone pivoted at a slight angle to the car’s 
centre line and bearing on a coil spring. Rigidly 
mounted on the wishbone is a tube containing 
the drive shaft, on the inner end of which is a 
small casing housing a reduction gear and carry- 
ing the driven pulley. Angular deflections of 


POWER WITHOUT RESPONSIBILITY 


It is often maintained that the trade unions do 
not pay enough money to secure men with 
sufficient knowledge and experience to match the 
enormous power which is wielded by unions in 
present-day industrial society. This view will 
certainly receive support from the remarks 
attributed to Mr. Feather, assistant secretary 
of the Trades Union Congress, if he has been 
correctly reported. Speaking about the latest 
strike in the British Motor Corporation, Mr. 
Feather is reported to have said: “A lot of 
People will take some convincing that this is 
not really a case of management deliberately 
Precipitating short-time working. It must seem 
astonishing to most people that a company of 
this size—it’s not a little corner shop—is down 
to only one day’s supply of axles and trans- 
Missions. It is more than astonishing—it is 
disturbing—to think that any concern of this 


importance to the nation should be leading such 
a hand to mouth existence in its production 
planning. If this state of affairs existed in a 
nationalised concern a lot of questions would 
have been asked. How many other companies 
are operating on a shoe-string as tight as this?” 

The answers to Mr. Feather are many, and 
it is both astonishing and disturbing that a 
senior trade-union official should not know the 
reason why. If this really represents the level of 
knowledge and understanding of complex modern 
industrial organisation to be expected from the 
top, then it is not surprising that trade-union 
members unknowingly disorganise complex 
processes, causing the loss of thousands of cars 
and hundreds of thousands of pounds over 
minor points of trades union procedure. Not 
that the present dispute is a minor matter; 
it is the latest phase of the trade unions’ ruthless 


the drive shaft caused by a suspension movement 
are accommodated by twist in the belt. 

Another remarkable feature of the design is a 
front suspension which uses telescopic dampers 


as the king pins and steering swivels. The lower 
end of each damper is shackled to a transverse 
leaf spring and the top is attached to a pin on a 
bracket under the front wing, giving a remarkably 
light and simple front suspension with a high roll 
centre. With this arrangement and the use of 
rubber bushes for the rear wishbones, no chassis 
lubrication is required. Steering is by rack and 
pinion. The engine delivers 22 b.h.p. (gross) at 
4,000 r.p.m. and the car weighs 1,265 Ib. dry. 
Retail price in Holland is expected to be equiva- 
lent to £420 or about £150 less than that of 
imported British small cars. 


drive to secure a monopoly of labour in B.M.C. 
factories while agitating ceaselessly against 
monopolies of other kinds. 

Surely trade union officials should know it is 
a basic principle of modern vehicle production 
to eliminate stocks which waste costly space. 
At Austin the whole engine assembly line is 
mechanised at great expense and a smalt buffer 
stock is kept in a siding on the conveyor, from 
which engines are issued to the production lines 
under electronic control. At Fords at Detroit 
even the output of safety glass is geared to the 
production-line speed so that output matches 
the day’s production requirements. The B.M.C. 
make axles within their organisation; they 
should have no need to hold precautionary 
stocks. If the assembly lines are short of axles 
within a day or two of a strike beginning, the 
fault is no one’s but the strikers’. 
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NOTICES OF MEETINGS 


Association of Supervising Electrical Engineers 
LONDON 

“Testing of Electrical Circuits and Apparatus,” by J. S. 

Forest. Central London Branch. White Hall Hotel, Blooms- 

bury-square, W.C.1. Mon., Mar. 3, 6.30 p.m. 


British Institution of Radio Engineers 
MANCHESTER 
Technical Films. North Western Section. College of Tech- 
nology, Sackville-street, Manchester 1. Thurs., Mar. 6, 
6.30 p.m. 


Chemical Society 
ABERDEEN 
“ A Plastics Jubilee, 1907 to 1957,” by G. Dring. Aberdeen 
Branch. Marischal College, Aberdeen. Fri., Mar. 7, 7.30 
p.m. 
BRISTOL 
“Recent Developments in the Zinc Industry in the United 


Kingdom,” by S. W. K. Morgan. Bristol Branch. Chemistry 
Department, The University, Bristol. Thurs., Mar. 6, 6.30 
p.m. 

CAMBRIDGE 
** Metalloids and Their Compounds with the Alkali Metals,” 
by Professor W. Klemm. Cambridge Branch. University 
Chemical Laboratory, Lensfield-road, Cambridge. Fri., Mar. 
7, 8.30 p.m. 

GLASGOW 
** Recollections and Serendipities,”” by Professor Dame Kath- 
leen Lonsdale. Glasgow Branch. Chemistry Department, 
The University, Glasgow. Thurs., Mar. 6, 4 p.m. 


Helicopter Association of Great Britain 
LONDON 
“Some Ways of Obtaining an Integrated Aircraft,’ by Dr. 
D. Kiichemann. The Royal Aeronautical Society, 4 Hamilton- 
place, W.1. Fri., Mar. 7, 6 p.m. 


Illuminating Engineering Society 
CARDIFF 
“The Architect’s Approach to Lighting,” by G. Grenfell 
Baines. Cardiff Centre. Offices of the South Wales Elec- 
tricity Board, The Hayes, Cardiff. Thurs., Mar. 6, 6 p.m. 
EDINBURGH 
** Open Space Lighting,” by M. W. Peirce and H. F. Stephen- 
son. Edinburgh Centre. Y.M.C.A., 14 South St. Andrew- 
street, Edinburgh. Wed., Mar. 5, 6.15 p.m. 
GLASGOW 
Annual General Meeting. ‘“‘Open Space Lighting,” by 
M. W. Peirce and H. F. Stephenson. Glasgow Centre. 
Lighting Service Bureau of Scotland, 29 St. Vincent-place, 
Glasgow, C.1. Thurs., Mar. 6, 6.30 p.m. 
NEWCASTLE-UPON-TYNE 
“Colour Matching Problems,” by A. Wilcock. Newcastle- 
upon-Tyne Centre. King’s College, College-road, Newcastle- 
upon-Tyne. Wed., Mar. 5, 6.15 p.m. 


Incorporated Plant Engineers 

LONDON 
** Plant Engineers in a Changing Britain,’ by L. G. Northcroft. 
Royal Society of Arts, John Adam-street, Adelphi, W.C.2. 
Tues., Mar. 4, 7 p.m.* 

EDINBURGH 
Annual General Meeting. Edinburgh Branch. 25 Charlotte- 
square, Edinburgh. Tues., Mar. 4, 7 p.m. 

LEICESTER 
* Electrostatic Filters,’ by 
Branch. Leicester Technical 
Mar. 5, 7 p.m. 

PETERBOROUGH ' 
“Electronic Control of Machine Tools,’ by N. Milne. Peter- 
borough Branch. White Lion Hotel, Church-street, Peter- 
borough. Tues., Mar. 4, 7.30 p.m. 

ROCHESTER 
Annual General Meeting. Kent Branch. King’s Head Hotel, 
High-street, Rochester. Wed., Mar. 5, 7 p.m. 


Institute of Fuel 


Michael Penrose. Leicester 
College, Leicester. Wed., 


BRISTOL 
“Recent Developments in the Zinc Industry in the United 
Kingdom,” by S. W. K. Morgan. Bristol Area. Chemistry 
Department, The University, Bristol. Thurs., Mar. 6, 6.30 p.m. 
NEWCASTLE-UPON-TYNE 
“Control of Added Moisture in Coal,” by Dr. D. A. Hall. 
North Eastern Section. Chemistry Department, King’s 
College, Newcastle-upon-Tyne. Mon., Mar. 3, 6.30 p.m. 


Institute of Marine Engineers 

ABERDEEN 
“Nuclear Steam Propulsion for Merchant Ships,’ by W. R. 
Wootton. Scottish Section. Robert Gordon's College, 
Aberdeen. Fri., Mar. 7, 7.45 p.m. 

BELFAST 
“Corrosion Control in Tankers,” by A. Logan. Northern 
Ireland Panel. College of Technology, Belfast. Tues., 
Mar. 4, 7.30 p.m. 

BOLTON 
** Auxiliaries,” by P. Scorer. Merseyside and North Western 
Section. Bolton Technical College, Bolton. Mon., Mar. 3 
3 p.m. 

LIVERPOOL 
** Heat Balance Calculations and Their Use in the Installation 
Design of Steam-Turbine Merchant-Ship Propulsion Machin- 
ery,” by Commander E. Tyrrell, R.N. Merseyside and North 
Western Section. Liverpool Engineering Society, 9 The 
Temple, 24 Dale-street, Liverpool. Mon., Mar. 3, 6 p.m. 


Institute of Petroleum 
LONDON 
Symposium on “ Insulating Oils.” Institution of Electrical 
Engineers, Savoy-place, Victoria-embankment, W.C.2. Wed., 
Mar. 5, 5.30 p.m.* 


Institute of Physics 
LIVERPOOL 
“High Resolution Mass Spectrometry,” by J. H. Beynon. 
Liverpool and North Wales Branch. Department of Electrical 
Engineering, The University, Liverpool. Fri., Mar. 7, 7 p.m.* 


Institute of Refrigeration 
LONDON 
“Modern Trends in Cold Store Design and Operation in 
France,” by P. Vidal. Junior Institution of Engineers, 14 
Rochester-row, S.W.1. Thurs., Mar. 6, 5.30 p.m.* 


Institute of Road Transport Engineers 
BRISTOL 
“Work of the Motor Indusiry Research Association,” by 
J. G. Giles. Western Centre. Royal Hotel, Bristol. Thurs., 
Mar. 6, 7 p.m. 
GLASGOW 
“The Manumatic Gearbox,” by P. J. Holman. Scottish 
Centre. Institution of Engineers and Shipbuilders in Scotland, 
39 Elmbank-crescent, Glasgow, C.2. Mon., Mar. 3, 7.30 p.m. 


NOTTINGHAM 
* Research on the Testing and Performance of Commercial 
Vehicle Brakes,”’ by Dr. H. J. Starks. East Midlands Centre. 
Mechanics’ Institute, Nottingham. Wed., Mar. 5, 7.30 p.m. 


Institution of Chemical Engineers 
LONDON 
Spring Meeting. Church House, Great Smith-street, S.W.1. 
Tues., Mar. 4, 9.30 a.m. and 2.10 p.m. 
BIRMINGHAM 
“Flow of Granular Materials Through Orifices,”’ by R. L. 
Brown. Midlands Branch. Midland Institute, Paradise- 
street, Birmingham. Wed., Mar. 5, 6.30 p.m. 


Institution of Civil Engineers 
LONDON 
* Reconstruction of Whitby Fish Quay,” by G. W. Rooke 
and F. L. Terrett. Tues., Mar. 4, 5.30 p.m.* 
MANCHESTER 
“Use of the Computer in Engineering Analysis,” by B. M. 
Evans. North Western Association. Engineers’ Club, Albert- 
square, Manchester. Thurs., Mar. 6, 6.30 p.m. 


Institution of Electrical Engineers 
LONDON 
Discussion on “Impressions of Technical and Industrial 
Training in the United States,”’ opened by Dr. K. R. Sturley. 
Education Discussion Circle. Tues., Mar. 4, 6 p.m.* 
** Results of Full-Scale Stability Tests on the British 132 kV 
Grid System,” by Dr. Ing. F. Busemann and W. Casson; 
and “ The Organisation for Large-Scale Grid System Tests,”’ 
by Dr. F. H. Last, E. Mills and N. D. Norris. Thurs., Mar. 6, 
5.30 p.m.* 
** Application of Nuclear Energy to Power Production,’ by 


T. R. Puzey. London Graduate and Student Section. Mon., 
Mar. 3, 6.30 p.m.* 
EDINBURGH 


‘** The Digital Computer Applied to the Design of Large Power 
Transformers,” by W. A. Sharpley and J. V. Oldfield. S.E. 
Scotland Subcentre. Carlton Hotel, North Bridge, Edinburgh. 
Tues., Mar. 4, 7 p.m. 

GLASGOW 
“The Digital Computer Applied to the Design of Large 
Power Transformers,” by W. A. Sharpley and J. V. Oldfield. 
S.W. Scotland Subcentre. Institution of Engineers and Ship- 
builders in Scotland, 39 Elmbank-crescent, Glasgow, C.2. 
Wed., Mar. 5, 7 p.m. 

LIVERPOOL 
** Advanced Types of Power Reactors,”’ by Dr. J. V. Dunworth. 
Mersey and North Wales Centre. Royal Institution, Colquitt- 
street, Liverpool. Mon., Mar. 3, 6.30 p.m. 
Faraday Lecture: “ Electrification of the British Railways,” 
by the late G. H. Fletcher, delivered by R. Ledger. Phil- 
harmonic Hall, Liverpool. Thurs., Mar. 6, 6.45 p.m. 

MANCHESTER 
Faraday Lecture. North Western Centre. Free Trade Hall, 
Manchester. Tues., Mar. 4, 7 p.m. 

SOUTHAMPTON 
* Electrical Floor Warming,” by J. W. Moule and W. M. 
Stevenson. Southern Centre. The University, Southampton. 
Wed., Mar. 5, 6.30 p.m. 


Institution of Heating and Ventilating Engineers 
LONDON 

“ Air Conditions for Home and Abroad,” by R. Harrison. 

Institution of Mechanical Engineers, | Birdcage-walk, St. 

James's Park, S.W.1. Wed., Mar. 5, 6 p.m.* 


Institution of Highway Engineers 
LONDON 
** Off-Street Parking,’ by Rosser Chinn. 11 Upper Belgrave- 
street, S.W.1.  Fri., Mar. 7, 5.30 p.m.* 


Institution of Mechanical Engineers 
LONDON 
Discussion on ‘* Mathematics in Mechanical Engineering.” 
Applied Mechanics Group. Tues., Mar. 4, 6 p.m.* 
“Modern Reheat Practice in Steam Power Stations,” by 
*. H. S. Brown and J. W. H. Dore. In conjunction with the 
Steam Group. Fri., Mar. 7, 6 p.m.* 
GLASGOW 
* Applications of Radioisotopes to Engineering,” by J. L. 
Putman. Scottish Branch. Royal College of Science and 
Technology, Glasgow. Thurs., Mar. 6, 7.30 p.m. 
MANCHESTER 
* Design of Pressure Systems and Allied Mechanical Plant 
for Gas-Cooled Reactors,” by G. Brown. North Western 
Branch. Engineers’ Club, Manchester. Thurs., Mar. 6, 
6.45 p.m. 
NOTTINGHAM 
Discussion on “ Problems Facing the Engineering Designer.” 
East Midlands Branch. Engineering Building, The University, 
Nottingham. Wed., Mar. 5, 7.15 p.m. 
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Institution of Production Engineers 
EDINBURGH 
“The Case for Materials Handling,” by F 
Edinburgh Section. North British Hotel, 
Edinburgh. Wed., Mar. 5, 7.30 p.m. 


Institution of the Rubber Industry 
LEICESTER i 
““Special Purpose Co-polymers of Butadiene.” 
Bryant. Leicester Section. Grand Hotel, Lei 
Mar. 3, 6.45 p.m. 
NEWCASTLE-UPON-TY NE 
‘“‘ British Nitrile Rubber,” by S. E. Bolam. North 
Section. Eldon Grill, Grey-street, Newcast| 
Mon., Mar. 3, 7 p.m. 
PRESTON 
* Production of Plastics Film and Plastics-Coated Fabrics,” 
by A. D. Clarke. Preston Section. Bull and Royal Hotel 
Church-street, Preston. Mon., Mar. 3,7.15 p.m. ~ = 


Institution of Structural Engineers 
GLASGOW 
“Use of High Preload Bolts in the United Kingdom,” py 
F. M. Easton, E. . Lewis and D. T. Wright. Scottish 
Branch. 39 Elmbank-crescent, Glasgow, C.2. 


H. Eccersiey, 
Princes-street 


by CL 
cester. Mon, 


Eastern 
©-upon-Tyne, 


Tues., Mar, 4, 


7 p.m. 
Junior Institution of Engineers 
LONDON 
Film Evening. Fri., Mar. 7, 7 p.m.* 
BIRMINGHAM 


* Origin and Function of R.E.M.E.,”’ by Major-General W A 
Lord. Midland Section. James Watt Memorial Institution, 
Great Charles-streei, Birmingham. Wed., Mar.5,7p.m, 
Leeds Metallurgical Society 
LEEDS 
** Metallurgical Problems of Nuclear Energy,” by Dr. H, K 
Hardy. Chemistry Wing, The University, Leeds, 2. Thurs. 
Mar. 6, 7.15 p.m. 4 


North East Coast Institution of Engineers 
and Shipbuilders 
NEWCASTLE-UPON-TY NE 
** Experimental Investigations on Natural Circulation jn 
Water-Tube Boilers,” by A. M. Laird, Professor A. W. Scott 
and Professor A.S.T. Thomson. Mining Institute, Newcastle- 
upon-Tyne. Fri., Mar. 7, 6.15 p.m. 


Reinforced Concrete Association 

LIVERPOOL 

** Design and Construction of Hangars at Helsinki,” by J. N, 

Lowe. North Western Branch. 9 The Temple, 24 Dale. 

street, Liverpool. Wed., Mar. 5, 6.30 p.m.* 
MANCHESTER 

** Design and Construction of Hangars at Helsinki,” by J. N, 

Lowe. North Western Branch. College of Technology, 

Sackville-street, Manchester. Tues., Mar. 4,6.45p.m.* 


Royal Aeronautical Society 
PARIS 
Louis Bleriot Lecture: ‘* Future of Aeronautical Research,” 
by Professor W. J. Duncan. 6 Rue Galilee, Paris l6e. Wed., 
Mar. 5, 5 p.m. 


Royal Institution 
LONDON 
** Aero-Thermodynamics,” by Professor W. R. Hawthorne. 
Thurs., Mar. 6,9 p.m. (Special tickets required.) 
* Energy,” by Professor R. King. Juvenile Lectures III and 
IV. Tues. and Wed., Mar. 4 and 5, 5.30 p.m. 


Royal Society of Arts 
LONDON 


** Land Planning in an Expanding Economy,” by J. R. James. 
Wed., Mar. 5, 2.30 p.m. 


Sheffield Metallurgical Association 
SHEFFIELD 
** Application of Stable and Radio-Active Isotopes in Analytical 
Chemistry,” by A. A.Smales. B.1.S.R.A. Laboratories, Hoyle- 
street, Sheffield. Tues., Mar. 4, 7 p.m. 


Society of Instrument Technology 
BIRMINGHAM 
** Navigational Techniques in the Monte Carlo Rally,” by 
R.P.R. Habershon. Midland Section. Regent House, 
Colmore-row, Birmingham. Fri., Mar. 14, 7 p.m. 
CHELTENHAM 
** Flutter Testing in Aircraft Structures,”’ by W. G. Molyneux. 
Cheltenham Section. The Rotunda, Cheltenham. Mon., 
Mar. 3, 7.30 p.m. 
FAWLEY oar 
* Automatic Inspection: The Anatomy of Conscious 
Machines,” by J. A. Sargrove. Fawley Section. Copthorne 
House, Fawley, Hants. Fri., Mar. 7, 7 p.m. 
MANCHESTER , > 
**Experience with Instruments at Calder Hall Power Station, 
by K. R. Sandiford. Manchester Section. College of Tech- 
nology, Manchester. Tues., Mar. 11, 7.30 p.m. 


The address and telephone number of the headquarters of each institution are given below. Meetings 
in the headquarters town are held there unless otherwise stated. Particulars for this column should 
reach the Editor not later than Monday morning in the week preceding the date of the meeting. 


* An asterisk is placed where it is understood that tea is available prior to the time stated 


Association of Supervising Electrical Engineers, 23 Bloomsbury- 
square, London, W.C.1. (LANgham 5927.) 

British Institution of Radio Engineers, 9 Bedford-square, 
London, W.C.1. (MUSeum 1901.) 

Chemical Society, Burlington House, Piccadilly, London, W.1. 
(REGent 0675.) 

Helicopter Association of Great Britain, 4 The Sanctuary, London, 
S.W.1. (ABBey 5160.) 

Illuminating Engineering Society, 32 Victoria-street, London, 
S.W.1. (ABBey 5215.) 

Incorporated Plant Engineers, 12 The Parade, Solihull, 
Warwickshire. (Solihull 1111.) 

Institute of Fuel, 18 Devonshire-street, Portland-place, London, 
W.1. (LANgham 7124.) 

Institute of Marine Engineers, Memorial Building, 76 Mark-lane, 
London, E.C.3. (ROYal 8493.) 

Institute of Petroleum, 61 New Cavendish-street, London, W.1. 
(LANgham 3583.) 

Institute of Physics, 47 Belgrave-square, London, S.W.1. 
(BELgravia 6111.) 

Institute of Refrigeration, New Bridge Street House, New 
Bridge-street, London, E.C.4. (CENtral 4694.) 

Institute of Road Transport Engineers, 69 Victoria-street, 
London, S.W.1. (ABBey 6248.) 

Institution of Chemical Engineers, 16 Belgrave-square, London, 
S.W. (BELgravia 3647.) 

Institution of Civil Engineers, Great George-street, London, 
S.W. (WHltehall 4577.) 

Institution of Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. (TEMple Bar 7676.) 


Institution of Heating and Ventilating Engineers, 49 Cadogan- 
square, London, S.W.1. (SLOane 3158.) 

Institution of Highway Engineers, 47 Victoria-street, London, 
S.W.1. (ABBey 3891.) ; 

Institution of Mechanical Engineers, | Birdcage-walk, St. James's 
Park, London, S.W.1. (WHItehall 7476.) 

Institution of Production Engineers, 10 Chesterfield-street, 
London, W.1!. (GROsvenor 5254.) 

Institution of the Rubber Industry, 4 Kensington Palace-gardens, 
London, W.8. (BAYswater 9101.) 

Institution of Structural Engineers, 11 Upper Belgrave-street, 
London, S.W.1. (SLOane 7128.) 

Junior Institution of Engineers, Pepys House, 14 Rochester-row, 
London, S.W.1. (VICtoria 0786.) 

Leeds Metallurgical Society. Apply to Dr. P. Feltham, The 
University, Leeds. 

North East Coast Institution of Engineers and Shiptuilders, 
Bolbec Hall, Newcastle-upon-Tyne |. (Newcastle 20289.) 
Reinforced Concrete Association, 94-98 Petty France, London, 

5.W.1. (ABBey 4504.) 

Royal Aeronautical Society, 4 Hamilton-place, London, W.l. 
(GROsvenor 3515.) ; 
Royal Institution, 21 Albemarle-street, London, W.1. (HYDe 

Park 0669.) 
Royal Society of Arts, John Adam-street, Adelphi, London, 
W.C.2. (TRAfalgar 2366.) 


Sheffield Metallurgical Association, 66 Ringstead-crescent, 


Sheffield 10. (Sheffield 62144.) 
Society of Instrument Technology, 20 Queen Anne-street, 
London, W.1 LANgham 4251.) 
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The Human Element 


From the Mistakes of Others 


The fight against accidents and injury to health 
in the steel industry is being intensified. Some 
four years ago the British Iron and Steel Feder- 
ation established an Accident Prevention Com- 
mittee, who have fully documented themselves 
on the rates, types, and characteristics of 
accidents in various sections of the iron and 
steel industry. Industry-wide statistics and the 
results of technical investigations by the com- 
mittee have been published from time to time in 
report form. ; 

A great many suggestions were made to the 
committee for a more widespread, regular, 
interchange of information within the industry 
as one of the most effective means of reducing 
the rate of accidents through which there is loss 
of working time (some 17,000 annually). The 
committee have decided to publish a magazine 
designed for as wide an appeal as possible, 
with the prime object of disseminating informa- 
tion on accident prevention and industrial health. 
Twenty thousand copies have been printed, one 
for every 15 workers in the industry, and 7,000 
are being sent direct to home addresses provided 
by the companies. 

The first issue of the magazine, which is to 
appear every four months under the title of 
Safety, contains articles on the preventive 
measures in force at United Steel’s Appleby- 
Frodingham Works—where accidents have been 
reduced by two-thirds since 1948—and at the 
Royal Netherlands Blast Furnaces and Steel- 
works, ljmuiden; there are also several first class 
articles on the causes of accidents. 

An article prepared by Dr. S. Laner of the 
British Iron and Steel Research Association, 
“The Human Factor,” which is based on 
work carried out at the Rotherham works of the 
Park Gate Lron and Steel Company, provides a 
most fascinating as well as revealing analysis of 
the types of workers “‘ most likely to have acci- 
dents.” This publication will be of interest to any 
worker or manager in heavy engineering as well 
as metal manufacture. The cover design is 
excellent and most striking. 


Test Tube Executives 


The storm which has blown up over the last 
few weeks about the offer of free medical health 
checks to B.B.C. executives has raised much 
difference of opinion among both doctors and 
laymen. Opinion is divided on the advantage 
on medical grounds of periodic checks, especially 
as the check is mainly for illnesses which cannot 
as yet be medically prognosticated from available 
evidence. 

One issue is absolutely clear. The check 
should be a voluntary one. Otherwise the whole 
idea becomes an encroachment on the liberty of 
the individual. There is a large flavour of 
humanitarianism in the idea of a regular, periodic 
medical check. There is also a strong element 
of self interest from the point of view of the 
organisation. The price of liberty is eternal 
vigilance, we are told, and the logical end to 
checking and testing of individuals in business 
is the completely clinically reared executive who 
has never strayed beyond sterilised fountain pens, 
stainless-steel desks and fumigated offices— 
a Magnificent test-tube product perhaps but no 
longer a human being who can stand on his own. 

There is another basic issue. Not only does 
the principle arise as to whether a person shall 

compulsorily examined, but who shall apply 
what kinds of sanctions. In such cases it could 

the company. Already a large concern 
Controls the lives of many of its employees to a 
Significant extent by paying pensions, giving 
recreational facilities, organising functions of 
4 social nature, offering free services of many 
kinds in a day’s work. One large company is 


about to embark on “after care” of its pen- 
sioners. All these are very laudable taken 
individually. But collectively, how far do we 
want it to go? 


State of the Profession 


The struggle to put the engineering profession 
on the management map in North America has 
been fought, through various organisations, for 
well over a century. Altogether 204,000 engi- 
neers are members of the six professional bodies 
(including the Engineering Institute of Canada) 
in the Engineers’ Council for Professional 
Development. The American Society of Civil 
Engineers, the oldest of the professional bodies, 
was founded in 1852 and now has nearly 41,000 
members. The youngest body, the American 
Institute of Chemical Engineers, was founded 
in 1908 and has some 17,000 members. The 
largest professional organisation, the American 
Institute of Electrical Engineers, has 52,000 
members. Another constituent member of the 
Engineers’ Council, the National Council of 
State Boards of Engineering Examiners, founded 
in 1920, has approximately 217,000 legally 
registered or licensed professional engineers. 
There are thus only about twice as many pro- 
fessional engineers in North America as in this 
country, whereas one might have expected a 
higher ratio. 

The 25th annual report of the Engineers’ 
Council for Professional Development contains 
most interesting information on the activities of 
those organisations and individuals concerned. 
Much of the work is concerned with the promo- 
tion of the engineering profession in schools 
and colleges, through the publication of education 
leaflets and the giving of numerous talks and 
lectures. E.C.P.D. concern themselves with the 
professional status of the engineer, and much 
of the report is taken up by accounts of the 
activities of various committees, on guidance, 
education and accreditation, training, recogni- 
tion, ethics and information. The dominant 
impression One derives from all this is that the 
professional engineer in America is most actively 
represented by his institutions, but far less 
organised on that plane than his British counter- 
part. The financial support of E.C.P.D. in 
the year ended at September 30 was only 145,000 
dollars, a tiny sum by American standards. 


Miners’ Dilemma 


The way of a coal miner is hard—in every sense 
of the word. It is not so long since the miners 
were the spoilt children of the economy. Housing 
and special rations were theirs if only they would 
go down the mines and hew coal. To-day there 
is a coal surplus, albeit of a special sort, and 
recruitment to the industry has been stopped 
for the time being. 

They are determined to take their 10s. wage 
claim to arbitration but they are in fact in the 
same position as the London busmen. Both are 
trying to force up earnings at a time when their 
respective industries are no longer expanding. 
They are therefore on an exceedingly difficult 
wicket. There is no solace for them in export 
markets either, for the current coal surplus is a 
Continental phenomenon as much as a British 
one. 

The miners are known to be disturbed about 
the present coal position. Many of them can 
still remember the hopeless days of the early 
1930s when the industry had already had a 
decade of severe unemployment. The miners 
are to call a conference to consider the present 
position. The industry is in fact paying the 
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price for a non-selective expansion of its output. 
The economies of Western Europe do need a 
great deal of coal—but not any sort of coal at 
any price. An investment policy which boosts 
the extraction of small coal is running into 
trouble. The miners are faced with the fact 
that their coal is wanted but the consumer wants 
some sort of a choice. A corollary of all this is 
that the easy days of wage increases on demand 
(because the consumer would foot the bill) are 
over. The miners can have higher wages in 
due course if they raise the right coal. 


Clock Around the Flock 


The part which can be played by work study in 
improving productivity in farming was discussed 
at a Joint Industrial and Agricultural Conference 
held last week in London. A paper by Mr. 
G. W. Lugg, head of the Agricultural Work 
Study Unit of Imperial Chemical Industries— 
“Work Study in Labour Management and 
Building Layout "—gave some most convincing 
examples of what could be achieved. 

The capacity of one piggery was increased 
from 480 fat pigs a year to approximately 1,200 
“with virtually the same labour,” mainly by 
improving the layout and by the use of new 
methods of handling pig meal. The time required 
to feed 180 pigs was reduced from 19 to 7 minutes 
and “a good deal of the drudgery associated 
with the original method of feeding was re- 
moved.” Another investigation covered all the 
routine work connected with a 60 cow Frisian 
herd and followers on a 250 acre farm. With 
very small capital expenditure the throughput 
was increased from 38 to 50 cows per hour, the 
average milking time was reduced from 7 to 
6:3 minutes, 15 per cent. free time was secured 
to inspect cows and allow for emergencies, 
milking times for each cow were made constant 
and over milking as well as idle time were 
eliminated. An investigation of crop spraying 
resulted in an increase in the areas sprayed from 
84 to 19 acres per hour. 

The value of work study to farm management 
has now been well established and the use made 
of it by British farmers, especially on the large 
highly mechanised farms, is extensive. _ This 
conference, organised jointly by the Association 
of Agriculture, the British Institute of Manage- 
ment, and the Institution of British Agricultural 
Engineers, showed how far agriculture has 
borrowed from industry in this respect, with 
a great deal of success. 


Centogenarian 


Sir James Swinburne celebrates his hundredth 
birthday on the day of publication of this issue. 
He was born in Inverness on February 28, 1858. 
He went from Clifton to a locomotive works in 
Manchester and on joining a concern on Tyne- 
side began to be interested in electrical engi- 
neering. He was President of the Institution of 
Electrical Engineers in 1902-3. He contributed 
to the Institution’s journal until the early years 
of the first World War. 

His name is also intimately linked with the 
development of plastics. In 1907 he was beaten 
by Baekeland by one day in the registration of 
a plastics patent which became known as 
Bakelite. By tacit agreement, however, the 
solid resin was made in the United States and the 
liquid lacquer form in this country. In 1948 
Sir James (having succeeded to the baronetcy) 
became honorary president of Bakelite. 

Like all busy men, his interests have been 
wide throughout his life. As well as being an 
accomplished musician, he has done work on 
social problems, with special regard to popula- 
tion, and when nearly 90 he began to study 
horology. He has since written a short treatise 
on the mechanism of the watch. Sir James 
developed as and has remained a compleat 
engineer. 
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Atomic Review 


Reactors 


G" turbines first found general application 
in the air and then showed promise as 
land-based power plants. Nuclear reactors, 
which by virtue of their size and weight tend 
to be earthbound, may one day power air- 
craft. For this purpose they are likely to be 
used in conjunction with gas turbines. Research 
on small, light nuclear reactors, though under- 
taken primarily in connection with aircraft, 


Power Turbine 
Circulator 


Regenerator 


Fig. 1 (above) Nuclear power plant layout for 

a four-engined flying boat. A helium gas-cooled 

reactor operates in conjunction with a closed-cycle 

gas turbine. The helium expands through power 

turbines connected to each propeller, and a separate 

turbine drives the circulating compressor. Heat 
is rejected by large forced-cooling units. 


Fig. 2 (right) Arrangement of nuclear power 
plant for large jet transport aircraft. The reactor 
is cooled by helium at 1,000 lb. per sq. in., which 
passes to heat exchangers corresponding to the 
combustion system of a conventional turbojet. 
The heat exchangers operate at about 1,000 deg. C. 
and the cooling gas is circulated by a small 
engine-driven compressor in the return circuit. 


Fig. 3 (below) Turbojet and ram-jet systems for 

nuclear powered missiles, using ceramic reactor 

cores. An operating temperature of 1,000 deg. C. 

would be adequate for a turbojet, but 2,000 deg. C. 
for reasonable performance with a ram-jet. 
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may prove to have much wider applications— 
to the propulsion of ships, for example, or the 
construction of mobile or package power 
stations. The first section of Atomic Review 
this week is concerned with an aircraft company’s 
work in the nuclear field, and is followed by some 
further notes on reactors in general. An article 
on page 284 of this issue discusses one feature of 
a closed-cycle gas-turbine reactor system, while 
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certain aspects of propulsion in space are consi. 
dered in articles on pages 262 and 264. 


Aero-Nuclear Group 


In 1954 staff from the de Havilland Engine 
Company were attached to the Atomic Energy 
Research Establishment, Harwell, and became 
the basis of the company’s nuclear power group 
Some of the work undertaken by the group is 
described in the following notes, which have 
been extracted from an article, “‘ Some Applica. 
tions of Nuclear Power,” published in the de 
Havilland Gazette. It was prepared in collabo- 
ration with Professor A. D. Baxter, chief executive 
of the nuclear power group and Mr. G. E. Preece 
nuclear projects engineer. : 

In presenting the survey, emphasis has been 
placed mainly on the technical feasibility of 
employing a nuclear reactor in various power- 
plant applications, but some economic and 
operational aspects are discussed briefly in 
connection with aircraft propulsion. Further- 
more, bearing in mind the aero-engine industry's 
particular background of experience, reference 
is restricted to those reactor systems which are 
capable of operation at temperatures high 
enough to permit the use of a gas-turbine power 
plant. Within this somewhat arbitrary boun- 
dary will lie the power plants most suited for 
propulsion and small transportable power 
stations. 

Since a nuclear reactor may be regarded as 
simply a controllable source of heat it follows 
that it is possible, in theory at least, to use it 
in conjunction with any of the existing forms of 
heat engine and the nuclear equivalents of 
conventional power units can be readily derived. 








Heat Exchanger 


Two Lower Engines 


Reactor Shield Assembly 


While no attempt is made to discuss the various 
types of reactor systems in detail, it is of interest 
to note that if pure fissile material is employed 
as the fuel, the size of core is likely to be dictated 
by heat transfer considerations, and the critical 
size of the system could be adjusted accordingly 
by varying the amount of moderator or fertile 
material present. Fast systems, employing no 
moderator, might have cylindrical cores of less 
than 2 ft. in diameter by 2 ft. long, whereas 
thermal systems might be any size from 2} ft. 
in diameter upwards depending on the fuel and 
moderator used. 


Nuclear-Powered Aircraft 


The energy released in the fission of less than 
half a pound of uranium would be sufficient to 
carry a large nuclear-powered aircraft in a trip 
around the earth. The crucial problem in 
nuclear-powered flight is that of reducing the 
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weight of the radiation shield to a value which 
is at least comparable to the all-up weight of 
current large transport aircraft. The difficulty 
is conveniently illustrated by considering the 
shielding required around a spherical core 3 ft. 
in diameter. (This represents about the min- 
imum size of core assembly likely to be achieved 
in practice.) If the shield is composed of the 
same materials used for the BEPO reactor at 
Harwell (that is, 6 in. of steel on the inside 
surrounded by 6} ft. of concrete), then the total 
weight of the shield would amount to the 
unacceptably high figure of 500,000 Ib. In this 
over-simplification no account has been taken 
of the high power level at which the aircraft 
reactor would have to operate, or the increase 
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in radiation level associated with the much 
smaller size of core. However, these adverse 
factors could be partly compensated by employ- 
ing a wider range of carefully selected shield 
materials placed to give minimum weight for 
the geometry considered. 

Unless it is acceptable to consider aircraft 
weighing upwards of one million pounds, there- 
fore, the only alternative is to reduce the degree 
of shielding in those areas around the reactor 
which are not directly in line with the crew or 
passengers. By this means it is possible to 
produce a radiation shadow around the occupied 
portion of the aircraft which provides adequate 
protection for personnel inside, while in other 
areas the radiation intensity might be far in 
excess of the safe level. Needless to say, with 
this form of shielding the reactor could only 
operate when the aircraft had reached a reason- 
able altitude, and consequently some form of 
auxiliary power plant would be necessary for 
take-off, climb and landing. Probably for 
reasons of safety and weight, a flying boat might 
be adopted as the ideal solution, and a suggested 
aircraft is illustrated in Fig. 1. 

Core Design and Cooling 

There appear at present to be no fundamental 
obstacles to the design of acceptably small 
cores capable of producing sufficient heat to 
power a large subsonic aircraft. It is probable 
that a gas or liquid-metal cooled reactor with 
an output of 30 MW of heat could be designed 
to fit inside a 3 ft. diameter by 3 ft. long cylin- 
drical envelope. If operating temperatures in 
the region of 750 deg. C. can be achieved then 
this output should be adequate to supply the 
cruising power of around 10,000 h.p. required 
by an aircraft weighing 200,000 Ib. 

Take-off and landing, normally the most 
hazardous manoeuvres in the flight plan, would 

carried out with the reactor shut-down and 
the thrust supplied by auxiliary fuel-burning 
turbojets and rocket engines which are retracted 
When cruising. This would involve some weight 
Penalty, but with the high thrust-to-weight 
fatios now obtainable it should not be too 
Serious. Further study is required to indicate 
the best system for this application, but pre- 
liminary investigations suggest that thermal or 





intermediate reactors are likely to be the most 
attractive. Since pure fissile material is proposed 
as the fuel, the core size will be determined by 
heat-transfer considerations for all types. One 
of the problems associated with thermal systems 
is the poisoning or loss of reactivity caused by 
the formation of the high cross-section fission 
product xenon 135. This is particularly serious 
with highly rated reactors such as are required 
for this application because, under certain 
conditions, control becomes difficult. 

The gas-cooled reactor is not excluded from 
aircraft application since in the case of reactors 
where the ceramic fuel is dispersed in a graphite, 
beryllium or beryllia moderator the volumetric 
heat rating proves to be adequate. A core 


Fig. 4 (left) Arrange- 
ment of ion rocket for 
space propulsion. Ionised 
or charged gas is accele- 
rated to very high velo- 
cities in a field produced 
electrically by power 
from a nuclear gas turbo- 
generator plant. 


Generator 


Fig. 5 (below) Layout 
of a closed-cycle gas- 
turbine power plant with 
an output up to 15,000 
b.h.p., suitable for marine 
propulsion or power 
generation. A heat ex- 
changer, intercooler and 
precooler permit high 
thermal efficiencies. 
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specific impulse defined as the thrust per unit 
mass of propellent ejected in unit time. The 
specific impulse obtainable with chemical pro- 
pellents is limited to some upper value determined 
by the heat released by the reaction and the 
physical properties of the resultant gases. 
For current rocket engines this value is around 
220 Ib. sec. per Ib. mass flow, but the use of 
more energetic propellent combinations such as 
hydrazine and oxygen may allow values of 300 Ib. 
sec. per lb. to be achieved in the next decade. 

One form of nuclear rocket envisages the use 
of a single working fluid which is pumped through 
the reactor core wherein its temperature is raised 
to around 3,000 deg. C. This hot gas is then 
expanded in the conventional manner through a 
regeneratively cooled supersonic nozzle. The 
working fluid chosen should have a low molecular 
weight to enable the highest exhaust velocities 
to be achieved for a given chamber temperature 
and it must also be a good reactor coolant. 
In these respects hydrogen would be an ideal 
choice but it has the unfortunate drawback of 
being difficult to store in the liquid form because 
of its low boiling point (— 259 deg. C.). Its 
low density (0:07 gm. per c.c.) is a further 
disadvantage which results in bulky and there- 
fore heavy propellent tanks. 

For the chamber temperature quoted (3,000 
deg. C.), estimates made for various working 
fluids indicate that the specific impulse for a 
nuclear rocket is between 50 and 100 per cent. 
better than that obtainable in the best chemical 
engine using the same fluid as one of the pro- 
pellents. It should be noted that there is no 
theoretical limit to the temperatures attainable 
in the nuclear rocket, so that its ultimate per- 
formance will depend on methods and materials 
of construction and the manner in which the 
heat is released in the working fluid. 
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structure comprising a perforated biock would 
be a suitable design. Air cooling might be 
adopted for aircraft operating at high altitudes, 
where the danger from contamination by radio- 
active particles would be negligible, and in that 
case a gas turbine operating on open cycle might 
be used. Otherwise a closed-cycle gas-turbine 
system might be desirable using helium or 
hydrogen as the working fluid. 

Fig. 1 shows a closed-cycle gas-turbine system 
in which the helium coolant expands through 
separate power turbines coupled to each of the 
aircraft’s four propellers. Fig. 2 shows a system 
in which the helium coolant passes directly to 
heat exchangers corresponding to the combustion 
chambers of a conventional turbojet. Simpler 
systems may be used in missiles, where there is 
little shielding problem, and where elementary 
turbojet or ram-jet engines can be adopted as 
illustrated in Fig. 3. 


Nuclear Rocket 


The performance of a rocket engine is charac- 
terised by the velocity of the exhaust gases or the 


Reduction Gear 


Ion Rocket 

Another form of propulsion which has 
attracted the attention of space enthusiasts for 
many years and now shows promise of appear- 
ing in a practical form, is the ion rocket. A 
typical system is shown in Fig. 4. In this 
device the propulsive jet consists of a beam 
of charged particles which are accelerated by an 
electric field and not by pressure forces as in the 
more conventional thermodynamic rocket. 
Exhaust velocities as high as 300,000 ft. per 
sec. may be attainable, and the significance of 
such an increase in performance over chemical 
rockets, which currently operate with exhaust 
velocities of around 7,000 ft. per sec., scarcely 
needs stressing. However, a limitation of ion- 
rocket systems so far conceived is that the 
weight of the machinery to produce the acceler- 
ating electric field is high in relation to the 
thrust produced. Provided this can be reduced 
to a reasonable value, however, this form of pro- 
pulsion may well prove the means for accelerating 
earth satellite vehicles out of their orbits and on 
their journey into space. In this application it 
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is interesting to compute that, if fitted with an 
ion rocket having the performance indicated 
above, a vehicle weighing 2,000 Ib. would expend 
only a further 70 Ib. of propellent in accelerating 
from an orbiting speed of 18,000 m.p.h. to the 
escape speed of 25,000 m.p.h. 

Preliminary studies made so far indicate that 
an acceleration of 10-‘g might be obtainable in 
practice. If this figure is assumed, then the 
thrust produced would be only 0-2 lb. and the 
acceleration period would last 36 days. This 
would cause some concern in the case of a 
manned vehicle but would be of little consequence 
for their unmanned predecessors. 


Mobile Power Stations 


The problems of weight and shielding are less 
critical in the case of marine propulsion, and the 
use of nuclear reactors in ships appears to be 
less remote than in aircraft. Marine applica- 
tions have, however, already been covered in 
detail in Atomic Review (October 4, November | 
and November 29, 1957). Fig. 5 shows the 
arrangement of a closed-cycle reactor gas-turbine 
plant suitable for marine propulsion or power 
generation. Less, however, has been reported 
concerning mobile power stations. 

In large sparsely-populated countries such as 
Australia, a convincing case exists for the use 
of small nuclear power generators to supply 
electricity to those remote townships which are 
not connected to the grid system. A steam 
turbine would appear to be the first and obvious 
choice of power plant because this will allow high 
efficiencies with moderate reactor temperatures. 
Such a turbine has, however, been ruled out 
for these applications because of its dependence 
on adequate supplies of cooling water, which are 
unavailable in many parts of the world. The 
same disadvantage applies to a lesser extent in 
the case of the closed-cycle gas turbine. In 
view of this a simple form of open-cycle gas 
turbine operating at a maximum temperature of 
something like 650 to 700 deg. C. might be a more 
attractive proposition. This should enable effi- 
ciencies of something like 20 per cent. to be 
achieved. 

A gas-cooled reactor is probably most suitable 
for this application but special attention must 
be paid in the design stage to ensure long fuel- 
element life. With small cores it may be feasible 
to remove these as a complete unit, but such an 
operation would demand specialist services. 
It is for this reason that a transportable system 
is to be preferred since the reactor could then 
periodically travel back to a central processing 
station and a replacement unit substituted to 
prevent any interruption in supply. 


Notes and News 


Tenders Invited by Japan 


Tenders have been invited from three British 
groups for the first nuclear power station to be 
built in Japan. Mr. Daigoro Yasukawa, chief 
of the Japan Atomic Power Company’s nego- 
tiating mission, stated last week that the official 
specifications had been issued for a nuclear 
power plant based on a single gas-cooled graphite- 
moderated reactor giving an electrical output of 
150 MW. The groups from which tenders have 
been invited are the General Electric—Simon- 
Carves Atomic Energy Group, the A.E.I.—John 
Thompson Nuclear Energy Company, and the 
English Electric—Babcock and Wilcox—Taylor 
Woodrow consortium. The closing date for 
tenders is July 31 and an order is expected to be 
placed about a month afterwards. The Nuclear 
Power Plant Company has already secured 
letters of intent from an Italian company (Atomic 
Review, last November 29). The station will 
probably be sited at Tokai about 70 miles north- 
east of Tokyo on the Pacific coast. 

A major consideration, as previously reported 
in Atomic Review (last November 8), is the 
resistance such a plant must have to damage by 
earthquake. A statement was issued by the 


mission to the effect that in discussions with the 
United Kingdom Atomic Energy Authority 
and the tendering firms the following conclusion 
had been reached: “‘If the Calder Hall type of 
graphite pile is efficiently supported by exterior 
supporting structures . . . the earthquake-resis- 
tant design can be achieved without impairing 
the reactor economics.” Such reactors, depend- 
ing on the siting, may be supported on concrete 
rafts, which would assist in solving the earthquake 
problem. A shut-down system, which has been 
specially developed, would contribute to a 
solution. Natural uranium fuel will be supplied 
by the U.K.A.E.A. and will eventually be 
returned for processing. A discussion of nuclear 
work in Japan was published in Atomic Review 
on January 4, 1957. 


Tentative Order from Germany 


A further 150 MW nuclear power station of 
Calder Hall design may be ordered by the south- 
western group of German municipal electricity 
undertakings, it has been reported. Dr. Heinrich 
Kaun, general manager of the Stuttgart Municipal 
Technical Works, is said to have stated that the 
group had already requested offers from British 
and American companies. 


Indian Reactor Projects 


President Prasad of India has stated that the 
Indian Government has under consideration the 
construction of one or more atomic power 
stations during the current five-year plan pated. 


History of U.K. Nuclear Development 


In the Melchett Lecture (“‘ Nuclear Power 
Development; Some Experiences of the First 
Ten Years ’’), delivered last February 19, to the 
Institute of Fuel, Sir Christopher Hinton gave 
a comprehensive history of nuclear develop- 
ment in Britain, dwelling particularly on the 
chemical processing of nuclear materials and 
the production of plutonium. (Chemical pro- 
cessing was discussed at length in Atomic 
Review on February 14 and 21). Sir Christopher, 
who is chairman of the Central Electricity 
Generating Board, also emphasised how the 
United States McMahon Act (passed in August, 
1946), by withholding information, caused British 
workers in the nuclear field to think for them- 
selves. The approach that resulted led to 
Britain’s present position of leadership. 


Post-Graduate Course in Applied Nucleonics 


The 1958 post-graduate course in nuclear 
engineering to be held at Queen Mary College, 
University of London, is of a different nature 
from earlier courses in the subject. It is being 
given in the belief that, although the advent of 
nuclear power places a particular emphasis upon 
certain conventional branches of engineering 
and other technologies, the new engineering 
subject which must emerge is one which may be 
called applied nucleonics. Broadly speaking, 
the term covers the production control and con- 
tainment of those nuclear particles important in 
engineering. The chief object of the course is 
to give a sound theoretical and experimental 
grounding in the basic concepts and measurements 
relating to the design of reactors. The subject 
will be carried to an advanced level with experi- 
ments on a sub-critical assembly and a research 
reactor (the A.E.I. Merlin). Thermonuclear 
power will also be treated theoretically and 
experimentally. 

The course is for an academic year of three 
terms, starting the first week in October and is 
to be held at the Nuclear Engineering Laboratory 
under Professor W. Murgatroyd. Applications, 
which will be considered up to July 1, should be 
addressed to the Registrar, Queen Mary College, 
Mile End-road, London, E.1. The fee is £90. 


C.E.G.B. Appointment 


Mr. J. C. Duckworth, B.A.,  F.Inst.P., 
A.M.LE.E., Deputy Chief Engineer (Nuclear 
Power), has been appointed Chief Research and 
Development Officer of the Central Electricity 
Generating Board. 
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Glandless Pumps for Hinkley Point 


Hayward Tyler have received from Babcock 
and Wilcox Limited, an order for 48 glandles. 
circulating pumps to be incorporated in the 
heat-exchanger circuits of Hinkley Point nuclear 
power station. These pumps are similar 
to those on order from Hayward Tyler fo, 
Berkeley, Bradwell, and Hunterston nuclear 
power stations. The approximate value of the 
contract is £125,000. Hayward Tyler are 
members of the Platt Brothers Group, la Cock. 
spur-street, London, S.W.1. 


Feed Pumps for Hunterston 


Twenty Weir feed pumps have been ordered 
for the Hunterston nuclear power station noy 
being constructed for the South of Scotland 
Electricity Board. The order was placed with 
G. and J. Weir Limited, Cathcart, Glasgow, $4 
by Simon-Carves Limited, who are associated 
with the General Electric Company in the con. 
struction of the Hunterston station, and includes 
main and auxiliary pumps for both the high- and 
low-pressure circuits. They will supply the 
water required for the steam generated in the 
steam raising units by the coolant gas from the 
reactor. Eight high-pressure electro-feeders of 
the five-stage ring-section type will each have 
an output of 447,600 lb. per hour at 800 Ib, 
per sq. in., and two auxiliary high-pressure 
pumps will each discharge 57,250 Ib. per hour 
at 772 lb. per sq. in. The main low-pressure 
pumps, also eight in number, are to discharge 
658,300 Ib. per hour each at 323 Ib. per sq. in. 
The two auxiliary low-pressure pumps will each 
discharge 85,000 Ib. per hour at 264 lb. per 
sq. in. The main pumps are to be fitted with 
Weir relay-operated automatic by-pass valves 
to protect the pump in light-load operation. 


Paper on Application of Nuclear Energy 


“The Application of Nuclear Energy to 
Power Production ”’ is the subject of a paper to be 
presented to a meeting of the London Graduate 
and Student Section of the Institution of Elec- 
trical Engineers on March 3 by Mr. T. R. Puzey, 
a graduate of the Institution. He will consider 
load growth and fuel supplies, reactor and 
generating plant, siting, and system development 
and operation. 


Strong Focusing in the U.S.S.R. 


A second large particle accelerator is to be 
built in the Soviet Union. Rated at 50 GeV, it 
is being designed at the Leningrad Institute of 
Electro-Physical Equipment and, as stated in 
Atomic Review last November 22, will, like the 
new machine for the Rutherford Laboratory 
near Harwell, employ the principle of strong 
focusing. In this way the lateral oscillations of 
the moving particles will be greatly restricted, 
thereby reducing the size of the toroidal magnet. 
The magnet will weigh only 22,000 tons, though 
roughly 500 metres in diameter, and require a 
power supply of 100 MW. The 10 GeV machine 
at Dubna embodies 36,000 tons of magnet steel, 
is some 75 metres in diameter and requires a 
power input of 144 MW. 


Nuclear Congress in Italy 


A nuclear congress is to be held in the Palazzo 
dei Congressi E.U.R., Rome, from June 16 to 
June 20, 1958, and will be devoted to the following 
subjects: nuclear industry in various countries; 
the location of nuclear plants; fuel elements and 
burn-up; uses of radioactive isotopes in agfl 
culture, medicine, biology and industry; the 
present stage of research on fusion; electronic 
instrumentation in nuclear industry; insurance 
coverage for nuclear plants; and carbon 14 
and dating methods. The congress, together 
with a similar congress on electronics and an 
exhibition of equipment used in the two fields, 
forms part of the Fifth International Rassema 
of Electronics and Nuclear Energy. The United 
Kingdom agents are the Auger and Turner 
Group Limited, 40 Gerrard-street, Piccadilly, 
London, W.1, and the main office of the congress 
is at Via della Scrofa 14, Rome. 
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Companies in the News 


T.V.A. in Iran 


The Tennessee Valley Authority has been 
reborn in the Development and Resources 
Corporation of New York City, headed by 
former T.V.A. chairmen David E. Lilienthal 
and Gordon R. Clapp. They formed D.R.C. 
in 1955 in association with the merchant banking 
firm Lazard Freres and Company “ to provide 
administrative and planning services along 
TV.A. lines in the development of natural 
resources.” 

In 1956 D.R.C. were asked by the Government 
of Iran to plan and carry out a long-term 
development programme for the 58,000 square- 
mile Khuzestan region of South Western Iran. 
This was done through the Iranian Plan Organ- 
isation, which was established in 1949 * to use 
60 to 80 per cent. of Lran’s oil revenues for 
economic and social development.” D.R.C. 
have now started to implement their plan and 
have recently announced the award of a contract 
for the construction of the first major electric 
power transmission line in Iran. The main 
contractors selected are Societa Anonima Elettri- 
ficazione S.p.A. of Milan. A 132 kV line, to 
be completed in 1959, will link Abadan on the 
Persian Gulf and Ahwaz, the Khuzestan capital, 
72 miles to the north. This is a temporary 
measure pending the completion of a major 
hydro-electric dam project on the Dez river, 
north of Ahwaz, which is scheduled to supply 
power to Ahwaz and other cities in Khuzestan 
in 1962. It will also be able to supply Persian 
Gulf cities through the new line now being built. 
The power station will have a capacity of 
130 MW, rising ultimately to 520 MW, and the 
reservoir will be able eventually to irrigate 
375,000 acres of land in the Khuzestan plain. 

The contract for the transmission line was 
awarded to the Italian company on a unit price 
basis: it was the lowest of five bids, at somewhat 
less than 2 million dols. Transformers will 
be made by Hitachi Limited of Tokyo (lowest of 
12 bids at 326,000 dols.). Apart from the line 
and the dam there are three other projects 
proposed by D.R.C. and approved by the Plan 
Organisation. A cane sugar mill and refinery 
(together with a sugar-cane plantation area); 
a polyvinyl chloride (P.V.C.) plastics plant at 
Ahwaz, to utilise gas being flared off, unused, 
at the oilfields north of Abadan; and a gas 
pipeline which will run from the Agha Jari oil- 
field to Ahwaz, a distance of 70 miles, to provide 
the raw material for the P.V.C. plastics plant 
and other petro-chemical industries. This is 
a most interesting development, being in a sense 
political enterprise on ideological grounds, or 
at best in line with the economic and social 
policy of a political party, the Democrats. It 
may also prove to be a first class reply to Soviet 
advances in that area. 


Special Steels Uncertain 


The outlook for most special metals, particularly 
those developed to meet extreme requirements 
of temperature resistance and strength, has 
become clouded by the cut back in aircraft 
building programmes. It is only now beginning 
to be realised how deeply dependent on arma- 
ments are vast and highly developed sections of 
the engineering and metals industries. The 
products affected do not necessarily account for 
large tonnages, but almost invariably for a 
high proportion of the profits and of the skilled 
personnel. In the field of metal production the 
8ap to be filled is a large one, even in steels 
Which are used less than light alloys. 

The problems facing makers of special steels 
Were discussed by Lord Dudley Gordon, 
chairman of the Hadfields group of companies, in 
his annual report to shareholders: ‘ Great 
efforts have to be made,” he said, “ and are 
already in operation to find new outlets to 


replace the falling demand from the aircraft 
industry and the very necessary curtailment of 
Government expenditure.” Lord Gordon went 
on to say that vigorous steps were being taken 
to reduce working costs and to increase efficiency 
all round, in production, works services and 
maintenance. 

Hadfield’s experience is typical of that section 
of industry in which they occupy a leading posi- 
tion. There is no question that, for the time being, 
the demand for special steels must be at a 
lower level. On the other hand, the trend 
towards higher operating temperatures is not 
limited to aircraft engines. It is seen in the 
design of orthodox steam power stations, and 
even more so is it inevitable in nuclear engineer- 
ing work. Lord Gordon mentioned that some 
of the more important research being done at 
present relates to high boron steels, developed 
by Hadfields, which, he said, had “ created 
great interest in the nuclear energy field.” 
The same applied to their development of 
sandwich plates for reactor shields. The danger, 
and one of which the Government are well 
aware, is that the capacity, once shrunk, cannot 
be expanded quickly. 


Directions for Road Traction 


The substantial rise in the trading profits of 
Leyland Motors, by over £14 million to £6°1 
million, for the year ended last September 30, is 
confirmation that the builders of heavy road 
vehicles have done exceedingly well during the 
past year. In his annual speech, however, 
Lord Brabazon told the shareholders of Associ- 
ated Commercial Vehicles that several unfavour- 
able factors were emerging. Among these was 
the growth of the private car as a means of 
transport in industrialised countries. Another 
factor, which may become of considerable 
importance, is the growth of mobile shops. A 
recent survey of development in this field, 
published in the Financial Times, indicated that 
there are at present 8,000 shops on wheels in 
the United Kingdom and that they have contri- 
buted to the recent decline in bus revenue. 
Increasingly it seems, housewives will either go 
to their local supermarket in cars or motor 
scooters, or they will have their shop brought 
to their front door. Manufacturers of heavy 
vehicles will tend to lose on this, since mobile 
shops are normally built on a light chassis 
of the type made by the leading car firms, such as 
Vauxhall, Ford, Austin and Rootes. 

A development of interest not only to the 
heavy-vehicle exporters but also to long distance 
haulage contractors, is the new United States 
Naval “roll-on, roll-off” vehicle carrier ““Comet.” 
Her very speedy loading, through multiple 
ramps leading through the holds and enabling the 
vehicles to be driven forward on to each deck, 
will almost certainly appeal to those exporters 
who are suffering from the rough handling of 
their goods on railways and at ports. 


Playing with Fire—and Prices 


Steel leaders are hardening in their opposition 
to re-nationalisation. Four of them, Mr. Clive 
Cookson, Sir John James, Mr. G. Wilton Lee 
and Sir Andrew McCance, roundly condemned 
Socialist policy in their annual statements to 
shareholders. There is little doubt now that 
the campaign launched a few weeks ago by 
Mr. A. G. Stewart, chairman of Stewarts and 
Lloyds, will have the solid backing of the indus- 
try. A most serious consequence of this will be 
that the present leaders will be lost to the industry 
should the Labour Party carry out their threat 
if returned to power. Few of the men who are 
now taking part in the anti-nationalisation cam- 
paign could or would continue to serve in their 
present jobs and this would presumably also 
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apply to their colleagues in the industry’s board- 
rooms. This, quite possibly, is what Sir John 
James had in mind when he told the share- 
holders of Lancashire Steel Corporation that the 
Labour Party’s threats “carry with them the 
very real danger that they would lower the 
industry’s present high state of efficiency * and 
warned those who threaten that they are “playing 
with fire.” 

Sir Andrew McCance, chairman of Colvilles, 
argues that the Iron and Steel Board, with its 
broadly based membership appointed by the 
Government, * has shown by its work that it is 
an effective instrument for the public supervision 
of the industry.” He warns also that a national- 
ised industry would find it hard to export 
successfully and to keep the goodwill built up 
by the industry abroad, predicting a “ grave 
financial disturbance” if re-nationalisation 
should take place. Mr. Wilton Lee, chairman 
of Arthur Lee and Sons, makes the same point, 
emphasising that export sales are made by 
** men who can take quick decisions on the spot, 
unencumbered by the red tape of bureaucracy.” 
Mr. Clive Cookson, chairman of Consett Lron- 
works, talked of the lack of enthusiasm on the 
part of the workers for re-nationalisation. The 
threat of it has already ‘‘ retarded progress and 
made it more costly.” 

Sir John James renewed his criticism ‘‘ made 
last year” of the principles on which price fixing 
in the steel industry is based. There is a need, 
he contended, for steelmakers to be consulted 
on changes intended by the Board and it is 
quite wrong that the heads of companies should 
first learn about changes in the Press. They 
should have at least an opportunity of * making 
representations through the Federation to the 
Board as to any adverse effects or anomalies in 
their determination.” There is certainly scope 
for closer co-operation between the Board and 
the industry on this issue, irrespective of who 
governs. 


Battle for Fuel Markets 


Much has been said lately about the increasing 
saturation of the fuel markets, which began in 
the United States shortly after the Suez Crisis 
and has spread to the rest of the world. Earlier 
this month Lord Mills, Minister of Power, told 
the House of Lords that a “ turning point ” had 
probably been reached in this country’s fuel and 
power problems. ZJnter alia, the compelling 
need to produce coal “ at any price, with all the 
hazards bound up in that phrase” had disap- 
peared. Soon the National Coal Board are 
expected to revise their price structure, lowering 
the prices for small coal and raising those for 
large household coal—an adjustment which will 
tend still further to reduce the relative cost of 
electricity. 

It is in oil that the most painful operations 
have been carried out so far. There have been 
sharp reductions in output, particularly in the 
Texas fields where the current level of output is 
about one million barrels a day below the maxi- 
mum level permitted when the Suez Crisis was 
at its height. Gulf Oil Corporation reduced 
output by 8 per cent. at their Texas refinery and 
prices have been falling. Shell of Venezuela 
made reductions for a wide range of crude oils 
by amounts varying up to 7 per cent. to match 
the reductions in world prices for heating and 
fuel oil. 

British Petroleum are seeking to expand their 
sales in Western Europe. They are understood 
to have bought the marketing interests of two 
independent Italian companies, Sarom and 
Garrone, which have a good share of the motor 
fuel as well as general oilmarket. Each operates 
important refineries in Northern Italy, which 
B.P. have supplied with crude oil for some years. 
B.P.’s purchase, together with their working 
agreement with Agip (the state-owned concern 
covering aviation fuel and ships’ tanker supplies) 
should give the company an excellent hold on 
the rapidly expanding but highly competitive 
lialian market. 
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In Parliament 


TRAINING OF APPRENTICES 


Reference was made in the House of Commons 
last week by Mr. Will Owen (Labour/Co- 
operative) to the proposals which had been put 
forward in the annual report of the Cardiff 
Youth Employment Committee concerning the 
provision of employment for juveniles leaving 
secondary modern schools, and he asked whether 
these proposals were supported by the authority 
of the Ministry of Labour and National Service. 

Mr. Robert Carr, the Ministry’s Parliamentary 
Secretary, said that the views expressed in the 
report were naturally those of the committee 
itself. The need for each industry to examine 
its current apprenticeship arrangements, and 
generally to ensure that facilities were adequate 
to enable advantage to be taken of the increasing 
numbers of school leavers, was the subject of 
a report, just issued, by a sub-committee of the 
National Joint Advisory Council under the title 
Training for Skill. He welcomed the steps being 
taken to give the report local publicity. 

The Trades Union Congress was represented 
on the sub-committee and it was the strong 
view of both sides of industry that the training 
of workers in industry was a responsibility of 
industry. He recognised the need for the closest 
consultation with the trade-union movement in 
tackling the problem and pointed out that the 
report of the sub-committee, of which he was 
the chairman, had been a unanimous one, having 
had the full backing of the trade-union members. 

(An article dealing with this report appears 
on page 278.) 


AGRICULTURAL MACHINERY 
RESEARCH 


The total estimated expenditure on agricultural 
research co-ordinated by the Agricultural Re- 
search Council for the present financial year is 
£4,657,000, made up of £2,033,000 on animal 
research, £2,084,000 on plants and soils research, 
£350,000 on agricultural machinery research, and 
£190,000 on other research and general expenses, 
according to an answer given by Mr. J. B. 
Godber, Joint Parliamentary Secretary of the 
Ministry of Agriculture, Fisheries and Food, to 
Mr. F. T. Willey (Labour). Mr. Godber, who 
was replying on behalf of the Lord President of 
the Council, whose representative he is in the 
Commons, pointed out that these amounts did 
not include details of research undertaken by his 
Ministry. During the present year, the cost of 
this research was estimated to amount to 
£166,000 in connection with animal research 
and to £2,000 on plant research. 

Later, Mr. Willey asked how much money 
had been spent during the last year on research 
on agricultural machinery. Mr. John Hare, the 
Minister of Agriculture, stated that the cost of 
such research in 1956-57 amounted to £356,000. 


NAVAL SHIPBUILDING 


Asked by Captain H. B. Kerby (Conservative) 
why the Admiralty had disposed of 30 or more 
frigates of the River class, in view of the successful 
conversion of Canadian Navy ships of this class 
to meet modern anti-submarine requirements, 
Mr. Robert Allan, the Parliamentary and 
Financial Secretary to the Admiralty, said that 
his Department’s programme for producing 
modern anti-submarine frigates by conversion 
had been completed. River class frigates were 
not the most suitable ones available to Britain for 
conversion purposes. 

It had been decided, Mr. Allan said, not to 
build the anti-aircraft frigate Panther and the 
aircraft-direction frigate Coventry, ordered 
under the 1956-57 Navy Estimates for the roles 
originally intended. The First Lord intended to 
build in their place two more anti-submarine 
frigates. The change of class of these ships 
would involve changes of their names. Asked 
by Captain Kerby to give an assurance that at 
least three frigates of the Loch class, now in the 


Persian Gulf, would at all times be available for 
the defence of Aden, Mr. Allan said that a 
number of frigates would be kept in the Persian 
Gulf. At present, these vessels were of the Loch 
class and there was no intention at the moment 
to replace them by vessels of any other class. 
The number and type of these frigates might be 
expected to vary according to circumstances. 

Captain Kerby also made a plea that one of 
the modern light fleet carriers of the Albion class 
should be converted for use as a “ helicopter 
carrier,” in lieu of one of the slower war-time- 
constructed carriers of the Glory or Majestic 
class now in reserve, “in view of the fact that 
two of the former class proved highly successful 
in the Suez police operation.” Mr. Allan 
agreed with Captain Kerby’s views and added 
that H.M.S. Bulwark had been selected for 
conversion as a Commando carrier. 


SCIENCE IN ANTARCTICA 


A number of Labour members, including 
Mr. A. Henderson, put questions to the Prime 
Minister regarding the international control of 
Antarctica. In reply, Mr. Harold Macmillan 
said that this territory was one of the subjects 
which arose in the course of his talks with the 
Prime Ministers of Australia and New Zealand. 
They had had a general exchange of views, and 
had discussed ways and means of ensuring that 
Antarctica did not remain a potential source of 
friction and conflict. 

Mr. Macmillan said that he had agreed with 
the other Prime Ministers on certain basic 
principles. These were the free development of 
science in Antarctica and the need to ensure 
that the area should not be used for military 
purposes. He did not propose to enter into 
consultations with the Governments of the 
United States, the Soviet Union and other 
interested countries, at any rate at present. 
The precise machinery to be adopted for giving 
effect to the broad principles upon which agree- 
ment had been reached with his colleagues was 
a matter for study and thought, and any further 
statement at this stage would be premature. 


DEFERMENTS FOR ENGINEERS 


It was pointed out by Mr. William Hannan 
(Labour) that, in Scotland, third-class honours 
graduates in mathematics and physics were 
exempt from military service if they entered 
approved jobs in industry, while similar graduates 
undergoing teacher training at a university were 
not. Mr. lain Macleod, the Minister of Labour, 
said that, in this regard, he had to maintain 
a balance between the needs of industry, the 
schools, and the Services. The numbers of 
engineering and science graduates who might 
be given indefinite deferment for approved 
employment in industry were limited by a quota 
system, which did not apply to deferments for 
school teaching. He had made a great number 
of concessions. The position was not wholly 
logical but he had to consider the needs of the 
Services. He was willing to examine the matter 
again. 


DOCK LABOUR GANGS 


Attention was called by Mr. R. Gresham 
Cooke (Conservative) to the uneconomic use of 
manpower involved in the present methods of 
loading ships at docks in the United Kingdom 
and he suggested that legislation should be 
introduced to enable the National Dock Labour 
Board to bring British methods into line with 
modern continental practice. While the average 
size of a dock labour gang in Germany numbered 
about five, those in Britain numbered about ten, 
and he felt that this country could obtain greater 
productivity and a better use of manpower by 
employing smaller gangs. In reply, Mr. [ain 
Macleod said that he did not disagree with 
Mr. Cooke regarding the arrangements he wished 
to bring about, but only with the manner in 
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which he wanted to achieve them. Mr, Macleod 
considered that this matter was the responsibilit 
of the dock industry and that, in his view i 
should remain there. As he had announced 
some time ago, both the port employers and 
the trade unions did not wish this kind of 
extension to be made in the functions of the 
Dock Labour Board. At the same time, a great 
deal was being done along the lines suggested, 5 
the National Joint Council for the Dock Industry, 


UNEMPLOYMENT PROBLEMS 


Seasonal falls in unemployment, Mr. [ain 
Macleod told Mr. N. N. Dodds (Labour/Co. 
operative), might not be as great during the 
next few months as in previous years, but he 
expected the general level of employment to 
remain high. Unemployment figures, though 
higher, were in fact not very much above those 
in a number of recent years. In January last 
the level of unemployment was about 1-8 per 
cent. of persons in work. It did not seem to be 
possible to isolate particular causes of yp. 
employment and to try to attribute different 
sections of the register to them. So far as 
defence was concerned, tens of thousands of 
people had been leaving the defence industries 
in the last few years and the Ministry of Labour 
and industry had been extremely successful jn 
getting them re-absorbed. He hoped that that 
state of affairs would continue. His ministry, 
the Board of Trade, and other ministries were 
in the closest touch on these matters. 


COMMONWEALTH TRADE 
CONFERENCE 


The Government of the United Kingdom 
warmly welcomed the initiative of the Canadian 
Government in inviting all the Commonwealth 
Governments to participate in a Commonwealth 
Trade and Economic Conference, Mr. C. J. M. 
Alport, the Under-Secretary of State for Com- 
monwealth Relations, told the House. The 
Government looked forward keenly to the 
conference and would do all they could to 
contribute to the proceedings, and to help to 
ensure a constructive and positive outcome. 
Preparatory discussions had been held in London, 
in February, between officials delegated by each 
of the Commonwealth Governments. Consider- 
able preparatory work would have to be under- 
taken during the coming months and arrange- 
ments had been made for it to be shared between 
all the Governments concerned. The conference 
itself would begin in Montreal on September 15 
and there would be a further meeting of officials 
in London early in June to review the preliminary 
arrangements. 


Admiralty Employees 


Civil servants employed by the Admiralty 
numbered 101,000; 191,000; and 170,900 on 
December 31 of each of the years 1937, 1947 and 
1957, respectively, according to an answer 
given by Mr. T. G. D. Galbraith, Civil Lord of 
the Admiralty, to Mr. Paul Williams (Indepen- 
dent Conservative). The numbers of non- 
industrial civilians, based on the United 
Kingdom, included in the foregoing totals were 
11,000; 32,600; and 32,450, respectively. 


Machinery Imports 


The value of machinery in respect of which 
duty-free import licences were issued in the 
years 1955, 1956 and 1957 was £26-3 million; 
£29-6 million; and £31-6 million, according to 
an answer given by Sir David Eccles, the 
President of the Board of Trade, to Mr. 
William S. Shepherd (Conservative). 


Croydon Airport Closing 


Mr. Will Owen asked the Minister of Transport 
and Civil Aviation to examine the possibilities 
of the British European Airways and the British 
Overseas Airways Corporation combining to 
run a passenger service between London Airport 
and Croydon Airport, but Mr. Harold Watkinson 
pointed out that it was planned to close Croydon 
Airport at the end of this summer. 
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Marketing 


ADVICE ON MIDDLE EAST TRADE 


New arrangements have been made to keep the 
Government in touch with trade in the Middle 
fast, and with the businessmen who have 
experience of selling there. An advisory council 
has been set up under the chairmanship of Mr. 
j. K. Vaughan-Morgan, Minister of State, 
Board of Trade. The vice-chairman and 
industrial leader of the council will be Mr. W. H. 
McFadzean, the head of British Insulated 
Callender’s Cables. Sir Norman Kipping will 
represent the Federation of British Industries. 
Among the eight other businessmen in the council 
are five representatives of engineering firms: 
Mr. W. R. Beswick of Power-Gas Corporation, 
Mr. H. G. Nelson of English Electric, Mr. 
T. A. L. Paton of Sir Alexander Gibb and 
Partners, Sir Henry Spurrier of Leyland Motors, 
and Mr. Frank Taylor of Taylor Woodrow. 

Making the announcement in the House of 
Commons last week, the President of the Board 
of Trade, Sir David Eccles, expressed his con- 
fidence that this council would make “a sub- 
stantial contribution to the development of 
trade with the Middle East.” Additional 
members might be appointed from time to time 
from industries which increase their interests in 
the area. Senior representatives from Govern- 
ment Departments, including the Treasury, the 
Export Credits Guarantee Department, the 
Board of Trade and the Foreign Office, will be 
included. It is presumably upon them that will 
fall the task of preparing material for discussion 
at the council’s meetings and that of implementing, 
within their own Departments, those recom- 
mendations of the council approved by the 
Government. 

This is a new development in post-war trading. 
Immediately after the war, industry co-operated 
closely with the Government and, more par- 
ticularly, firms within certain industries co- 
operated with one another through the activities 
of Export Groups. The latter varied consider- 
ably in the part they played in the development 
of British exports. Some developed into 
successful co-operative selling organisations, 
others concerned themselves with the allocation 
of scarce supplies to particular markets, the vast 
majority became a mere source of statistics and 
a mouthpiece for their industry for the discussion 
of export matters with Government Departments. 
When competition returned and the Govern- 
ment’s role grew less, Export Groups tended to 
fade out and very few remain active. It is now 
becoming apparent that the need for close 
co-operation between Government Departments 
and industry is required to strengthen the 
country’s challenge for exports. The lack of 
effective close contacts has often been revealed 
by statements attacking or defending the facilities 
and services offered by the Government, par- 
ticularly in respect of credit. 

The Advisory Council on Middle East Trade 
will be in a position to assess not only the 
competitive position and standing of British 
exports to this rapidly expanding market, but 
also the assistance which British firms need to 
make headway. Allegations of credit “ bribery ” 
are often heard, and the E.C.G.D. will have 
ample opportunities to check on their accuracy 
and to fit the services it offers into the area’s 
special requirements. The Treasury will be in 
close attendance, and with better information on 
the task industry is facing in export markets, 
may be able to adopt certain measures which 
will assist British exporters. The Foreign Office 
cannot be left out of an area so rich in political 
Intrigue and international rivalries. The Board 
of Trade are responsible to industry for the 
Provision of adequate assistance in export 
markets, and may well develop their market 
information services to match those of other 
countries, particularly the United States, who 

ve done so much to help their own nationals. 
Manufacturers will be in close touch both with 


the Government and with one another and should 
bein a stronger position, therefore, to plan 
their efforts—possibly on a collective basis. 
The council may thus be the beginning of a new 
era which will see more planning, greater co- 
ordination between industry and Government 
as well as within industry itself. 


Co-operative Selling in Canada 


Senior executives of leading British instrument 
makers are to tour Canada next month. An 
eight-man team has been appointed by the 
Scientific Instrument Manufacturers’ Association 
who have long been prominent in their export- 
mindedness and the considerable initiative they 
have displayed in promoting co-operative market- 
ing by those among their members who make 
complementary products. 

S.L.M.A. have explained that the visit is a 
follow-up to the recent exchange of trade missions 
between the two countries. They will aim to 
extend the goodwill which has been created and 
will investigate the possibilities of increasing 
trade in instruments between the two countries. 
The team has the full support of the Dollar 
Exports Council and should therefore be most 
adequately supported and introduced when they 
reach Toronto in mid-March. 


Service in India 


An instruction school has been set up by British 
United Traction Limited in Madras to instruct 
personnel from the Northern and Southern 
railways of the Indian State System in the 
technique of servicing B.U.T. equipment. The 
instruction staff will be under the supervision 
of Mr. W. F. Bolton, the company’s new service 
manager. 

Extensive use will be made of films and other 
means of visual education—a technique of 
considerable importance in countries where 
language, and the general level of education, 
handicap even the most gifted teacher. Films 
will illustrate driving technique, operation of the 
epicyclic gearbox and the care of the Diesel 
fuel system. Fuel-injection equipment will be 
demonstrated to the trainees during visits to the 
nearby works of Ashok Leyland Limited. In 
addition to their instruction in the maintenance 
and operation of railcars, trainees will be taught 
how to handle fuels and lubricants. 

B.U.T.’s move is an enterprising one and the 
results will be awaited with interest. This 
method of local instruction schools may well 
develop into a vital factor in successful exporting, 
and there is little to stop firms supplying com- 
plementary products from jointly setting up and 
running such schools. 


New Steps in Advertising 


A new committee has been formed by the 
Advertising Association, entitled the Consumer 
Advisory Committee, “with the object of 
bringing consumer and advertising interests in 
closer contact.” A number of women will be 
represented on the committee to express the 
housewife’s point of view as a consumer of 
advertised goods. They will be encouraged by 
the representatives of the Advertising Association 
to criticise advertisements whenever they consider 
that they are in bad taste, misleading or fraudu- 
lent, and to bring to the committee’s notice any 
complaints they receive from the public. 

There is little doubt that the Electrical 
Association for Women, the Good Housekeeping 
Institute, the Consumer Advisory Service of the 
British Standards Institution, and more latterly, 
the Association for Consumer Research, have 
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done and are doing a great deal to guide adver- 
tisers on the quality and performance of the 
products advertised. The tests that are being 
carried out, and the publicity given to them, have 
in fact established standards which the consumer 
will increasingly insist upon. The Advertising 
Association are right enough in their endeavour 
to get closer to the consumer. In the field of 
engineering this applies mainly to household 
appliances and kitchen utensils. But the sale 
of engineering products direct to the consumer 
is increasing with the rise in the popularity of 
do-it-yourself kits, which may in time include 
central heating plants as well as radio receivers, 
toy motor-cars, burglar alarm systems and even 
complete houses. Many engineering firms are, 
in fact, selling to the consumer, and the activities 
of the Advertising Association and associations 
of consumers concern them directly. It may 
not be inappropriate for those engineering firms— 
and for their suppliers—to consult on so vital 
a matter. 


Car Hire Becomes Significant 


There has been in the past three years a consider- 
able increase in the business done by car hire 
companies in the United States and there are 
signs that this system of putting the latest cars 
on the road may one day be a major factor in 
the marketing technique of manufacturers. At 
present the number of cars involved is still rela- 
tively small, perhaps some 250,000, but is 
increasing fast. The leading company, the Hertz 
Corporation (they also run a fly-yourself aircraft 
hire service), have acquired several of their 
competitors and built up a national organisation 
with dealers in all principal cities. Their 
revenue rose from 39-1 million dols. in 1955 
to 58-8 million dols. in 1956 and in the first 
quarter of last year was more than a third 
higher than in the first quarter of 1956. 

The economics of car hire are at present very 
advantageous. Most of the hire firms re-equip 
each year with new models to attract customers. 
A car for which they pay 2,000 dols. brings in 
some 3,000 dols. in the first year of hire, and can 
then be disposed of to a secondhand car dealer 
for at least 1,000 dols. and possibly more. In 
this country also there has been a considerable 
increase in the amount of car hire business 
carried out, but no statistics are available. The 
advantages to the user, who can have the type 
of car he needs for his particular journey and 
has no worries On maintenance or garaging, 
can be considerable—provided the service of the 
hire firms can offset at least some of the loss of 
convenience through not having a car immedi- 
ately to hand. 


Union with a Price Policy 


The United Automobile Workers’ Union have 
stuck a very large oar into the United States 
car industry’s pricing mechanism and in so 
doing have opened a new field of union activity. 
Their case for interference and the inclusion 
of price levels into their bargaining with 
employers is defined by their president, Walter 
Reuther, as “* ‘inbalance ’ between the industry’s 
production capacity and consumers’ buying 
power.” His main charge is that car manufac- 
turers fix prices to suit themselves regardless 
of the laws of supply and demand. 

This sally of the U.A.W. on manufacturers’ 
pricing policy has coincided with an investigation 
of the industry’s so-called ‘* administered ~ 
prices by the Senate Antitrust and Monopoly 
sub-committee, under the chairmanship of 
Senator Kefauver. The great deal of frank 
speaking coming from both sides will of necessity 
cause the industry to re-examine the whole of 
its price policy. Perhaps this will bring to light 
a matter which has, so far, been something 
of a mystery—whether the price levels of the 
cheapest car range affects the volume of sales. 
Reuther believes that it does: the industry is 
less certain. 
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LLOYD’S NEW BUILDING Twentieth Century Engineering for the Underwriters 


wy may be justly described as a magni- 
ficent new building has just been com- 
pleted on a site adjacent to the premises now 
occupied by Lloyd’s and in about a month’s 
time this will become the acknowledged centre 
for Lloyd’s international underwriting activities. 

Towards the close of the Seventeenth Century, 
Edward Lloyd’s coffee house in Lombard-street 
became a centre for merchant insurers. This 
was because of the shipping news which the 
proprietor collected for those of his customers 
who arranged the insurance of marine risks 
brought to them by brokers. In this way there 
developed the distinctive Lloyd’s system of 
underwriting with unlimited liability. With the 
growth of commerce over the years and the 
extension of their activities to other types of 


brought from Bowood House and reconstructed 
in the new building. The second floor also 
contains the members’ lounge and a restaurant 
known as the Captains’ Room. The upper 
floors contain a number of smaller rooms 
suitable for general office use. All the services, 
except in the kitchen, are contained in a sub- 
basement which is joined to the old building by 
a tunnel. The new building is a conventional 
steel-framed structure encased in concrete and 
faced with Portland stone. 


AIR CONDITIONING 


One of the main features from an engineering 
point of view is the air-conditioning system 
which has been installed. Air-conditioning has 
been put into the Underwriting Room, the main 





insurance, Lloyd’s have often suffered from 
shortage of accommodation. When their pre- 
sent premises in Leadenhall-street were opened 
in 1928 the premium income was £22 million, 
but by 1954 it had risen to £231 million and so 
it is not surprising that the Committee found it 
necessary to commission a new building. 

Executed in the classic style, though without 
excessive adornment, the new building is not in 
a particularly prominent position. The Under- 
writing Room, the principal apartment, occupies 
practically the whole of the ground floor of the 
site, but has galleries on all four sides. The 
intention is that the floor shall be used for marine, 
motor and aviation boxes while the gallery is 
used for non-marine boxes. The style of “ box ” 
is given to the separate cubicles distributed 
throughout the floor where business is trans- 
acted. These are replicas of those used in the 
early Eighteenth Century coffee houses and 
consist of a central desk with a bench-type seat 
on either side. 

Underneath the Room is a coffee lounge 
installed there to continue the association with 
the original house of Mr. Lloyd. There is a 
large telephone room in the basement which also 
contains a basement garage to comply with the 
parking requirements for all new buildings in 
the County of London. 

Over the Underwriting Room, the building 
consists of a five-storey block above the north 
gallery and a two-storey block above the south 
gallery. These two blocks are joined by two 
five-storey wings over the galleries at each end 
of the building and a two-storey block which 
divides the central lighting well over the Room. 

The first floor contains suites of rooms which 
will be occupied by insurance companies and, 
at this level, there is also a bridge connecting the 
old and new premises. The principal committee 


rooms are all on the second floor and these 
contain the 


Adam Great Room which was 


(Above)  Lioyd’s new 
building from the south- 
east. 


(Right) The Under- 
writing Room, occupying 
practically the whole of 
the ground floor. For 
business the traditional 
** boxes ”’ will be instal- 
led in the Room. To 
simplify movement of 
the boxes, a comprehen- 
sive system of services 
is laid below the floor. 
There is excellent natural 
lighting and fluorescent 
lights are fitted behind 
the roof lights. 


rooms in the basement and the principal rooms 
on the second floor. 

The Underwriting Room itself is about 340 ft. 
by 120 ft. and 36 ft. in height. This, it will be 
appreciated, presented a considerable problem, 
and not only because of the size. A bigger 
difficulty to surmount was the fact that as many 
as 5,000 people may be present at any one time. 
The large windows in the room also add to the 
problem. Nevertheless, filtered and de-humidi- 
fied air is supplied which is also heated or 
cooled as required. The Room is divided into 
six zones each having its own plant which 
supplies air appropriately conditioned to that 
particular section. Air is withdrawn from the 
room around the perimeter and also at gallery 
level. Dust is extracted from the “‘ used” air 





by electrostatic precipitators and the air then 
passes over finned-tube cooling units which also 
carry out a certain degree of drying. [ft is 
finally heated, if required, by hot-water heater 
batteries. The conditioned, recirculaied air jg 
mixed with a proportion of fresh air and returns 
to the Room through ceiling diffusers, This 
fresh air has been treated in a similar way 
though in a different unit as the recirculated air 
and a spray chamber is used instead of finned-tube 
coolers, so that humidification as well as drying 
can be achieved. Vitiated air is withdrawn from 
the Room through a central louvre in the Ceiling 
and discharged at roof level. The quantity 
extracted is approximately equal to the amount 
of fresh air supplied from outside, but a slight 
Over-pressure is maintained in the Room to 
avoid draughts. 

The problem presented by the large windows 
has been overcome by installing heating panels 
underneath them and also under other important 
windows in the building. Double glazing has 
been fitted where possible, and power operated 
blinds are available to mitigate the effects of 
sunshine. 

The chilled water (kept at about 36 deg. F.) 
required in the spray chamber of the fresh-air 
plant and in the finned-tube cooling banks is 
supplied from three centrifugal refrigeration 
units. Each of these machines has a capacity 
of 650 tons. Two of them are designed to carry 
the load, the third being a stand-by plant. The 
machines, supplied by British Brown Boveri 
Limited, are electrically driven and use Arcton 9 
as the refrigerant. The chilled water from the 
refrigerators passes to a storage reservoir from 
which the individual air-conditioning units are 
fed. The return from the units is to the reservoir 
and thence to the refrigerators. 

The hot water from the condenser side of the 
refrigerators passes to an atmospheric cooling 





This tower is an integral 
part of the structure, and to preserve the appear- 
ance of the building the concrete shell has been 


tower on the roof. 


cased in Portland stone. The interior of the 
tower is of timber and there is an induced 
draught supplied from top-mounted fans. Hot 
water for the heating throughout the building 
is supplied at 180 deg. F. The special rooms on 
the second floor have a separate air-conditioning 
system and air-conditioning is not supplied to 
the upper floors. 
There are certain features of engineering 
interest in the boiler plant. The source of hot 
water and steam for the kitchens is an oil-fired 
Brown Boveri Velox boiler with a steaming 
capacity of 40,000 Ib. per hour. It is the first 
of its type to be installed in this country although 
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it has been extensively used on the Continent. 
The boiler is remarkably compact for its capacity 
and has a rated efficiency of over 90 per cent., 
compressed air being used to assist combustion. 
Steam can be raised with remarkable rapidity— 
indeed, steam can be available only ten minutes 
after starting-up. The hot gases from the 
combustion chamber then pass to exhaust 
through a gas-turbine which drives the air 
compressor and then through a shell-and-tube 
economiser. The economiser has stainless-steel 
tubes. For starting-up purposes, the compressor 
can also be driven by a direct-current motor, 
which can act as a generator when the gas- 
turbine has excess power available over ihiat 
required to drive the compressor. The d.c. 
motor drive is powered by a Ward-Leonard 
set taking alternating current from the mains. 

Steam passes to the steam chamber at 100 Ib. 
per sq. in. and from the lower part of the chamber 
water is supplied to the tubes in the combustion 
chamber by means of a circulating pump. 
Obvicusly very pure water is required for a 
boiler of this type and virtually all condensate 
is returned, any make-up water being softened by 
de-mineralisation in an _ ion-exchange plant. 
The steam passes to heat exchangers where it 
gives hot water at 280 deg. F. under the static 
head of the building. This water at 280 deg. F. 
is blended to give water at 180 deg. F. for the 
air-conditioning plant and at 130 deg. F. for 
the central heating system. Water at 150 deg. F. 
for the domestic services is also produced 
through separate heat exchangers. 

The water at 280 deg. F. is contained in 
storage tanks which are charged by day and 
discharged at night and at weekends so that it 
is only necessary to run the boiler during day- 
time. The Velox boiler will also supply steam 
to the existing buildings occupied by Lloyd’s, 
the boilers in these places acting as reserve 
capacity. A small oil-fired boiler has been 
installed in the new building to supply hot water 
for domestic purposes in the summer. 

SERVICES 

The method of planning the ducts for electrical 
and telephone service in the Underwriting Room 
is also interesting. In order that the necessary 
services shall be available wherever it may be 
desired to install an underwriters’ box, a system 
of ducts at 4 ft. 6 in. centres has been incorporated 
into the floor of the Room, and the direction of 
the ducts is indicated by the pattern of the rubber 
tiles on the floor. Once the location of the 
underwriters’ box has been decided it is merely 
necessary to remove the appropriate tiles and 
obtain access to the duct. The electric and 
telephone services can then be run from a 
convenient junction box through these ducts to 
sockets let into the floor. If at some later 
date these sockets are not required they can be 
capped-off or they can be removed and a com- 
plete floor tile replaced. 

The electricity is supplied to the building at 
11 kV and passes through three 1,000 kVA 
transformers to main and sub-main distribution 
boards in the sub-basement before going to fuse 
boards on the separate floors. Arrangements 
have been made so that the electricity supply to 
an individual suite of offices can be isolated and 
metered. Stand-by Diesel generators have been 
installed in the sub-basement. 

The new building does not front on to any 
main thoroughfare and though the Room is 
on the ground floor level what little street noise 
there is is muffled by the double glazing. Inside 
the room the architectural treatment does not 
seem to have been specifically designed to reduce 
the noise level although the rubber floor and the 
sound-absorbent tiles used for the ceiling will 
help. The new building has cost about £5 million. 
Its services and amenities are an interesting 
example of modern engineering techniques being 
applied to the conservation and embellishment 
of tradition united with efficiency. 

The consulting engineers were Oscar Faber 
and Partners, of St. Albans, and the principal 
a contractors John Mowlem of London, 
-W.1, 
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CAMBRIDGE LABORATORY EXTENSIONS 


The four-storey building just completed for the 
Engineering Department of Cambridge Univer- 
sity is the first multi-storey framed structure to be 
designed according to the plastic theory. Its 
construction required the making of heavy 
all-welded beam-to-stanchion connections. The 
building, opened last week, forms the centre 
block extension of the department's post-war 
development of an E-shaped building of which 
the main section—represented by the down- 
stroke of the E—was opened by the Duke of 
Edinburgh in November, 1952. Also just 
completed is a single-storey block lying between 
the centre and south wing (now under construc- 
tion). The steel frame of the whole extension 
is all-welded and designed according to the 
plastic theory developed by Professor J. F. 
Baker, O.B.E., head of the department, and his 
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staff. It is reckoned that the saving in steel was 
25 per cent. as compared to a conventional design. 
The building during the course of construction 
and on completion is shown in two illustrations 
on this page. The contractors for the erection 
of the steelwork were Harland and Wolff, 
Limited, North Woolwich, London, E.16. 
When, in 1952, the main block was opened, it 
provided 54,500 sq. ft. for a number of lecture 
rooms, offices for the research and teaching 
staff, a fine library, a reading room and several 
research laboratories. The new extensions pro- 
vide another 14,800 sq. ft.; the south wing, 
when finished, will add yet another 28,700 sq. ft. 
of floor area, mainly for a fluids laboratory. 
The single-storey block houses the mechanics 





Plastic Theory Used for 
Multi-Storey Frame 


of machines laboratory and an extension to the 
existing structures research laboratory. Special 
machine bases are incorporated in the ground 
floor to take the heavy machinery required for 
experimental purposes and the floor is covered 
with removable concrete paving slabs to allow 
for the installation of future machine bases. 

The ground floor of the centre wing accommo- 
dates the fatigue laboratory. The first floor was 
planned to accommodate the control engineering 
group and comprises a lecture room, computing 
room and two laboratories. Specially designed 
bench units have been installed together with 
hot and cold water services, electrical, gas and 
future compressed air services. The lecture 


Framework for the new 
extensions to the Engi- 
neering Department of 
Cambridge _—_ University. 
The four-storey section 
is the first multi-storey 
steel framework to be 
designed according to the 
plastic theory. 





room is fitted with dark blinds for the purpose 
of film projection. 

The second and third floors consist of staff 
and research students’ rooms with a small lecture 
room on the second floor. The architects have 
endeavoured to avoid the tunnel effect of 
a centre corridor by the use of glazed panels 
in the doors and a bright yellow ceiling. 
Venetian blinds are provided to all rooms on 
the south side. 

The whole of the building is heated by radiators 
fed by low-pressure hot water from the boiler 
house. For ease of maintenance and future 
requirements the services are generally exposed 
on the laboratory floors. The external materials 
are brick and painted concrete, the metal windows 
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Continuing Construction 


being designed to blend in with the existing 
building. Dark-blue ply glass panels are used 
beneath the windows on the north and south 
elevations. The office and lecture room furni- 
ture is of West African mahogany and was made 
under a separate contract. 

The remarkable position which Cambridge 
engineering has made for itself is too well known 
to our readers to require any elaboration here. 
Let it suffice to record that department—estab- 
lished orginally in 1875—is now one of largest 
in the University. The establishment comprises 
79 senior teaching and research officers, assisted 
by 152 research, laboratory and clerical assistants. 
The number of undergraduates reading engineer- 
ing is now 742, the new entry in October last 
being 278, an increase of over 40 more than in 
recent years. Research students working for 
higher degrees number 50, and 19 men back from 
industry are following the two post-graduate 
courses leading to a Certificate of Advanced 
study in Engineering. 

The equipment provided in the new labora- 
tories is, as one might expect, fitting for the 
department. To list the machines and apparatus 
in full may only serve to cause envy and unrest 
in other, less fortunate, establishments, but such 
complete provision of apparatus and facilities 
cannot go unreported. 

The fatigue laboratory, occupying some 
1,450 sq. ft. of the ground floor of the new 
central block contains seven principal machines 
and these, one must remember, are in addition 
to those in the main structure’s laboratories. 
They include a 60 ton Schenck direct-stress 
machine; a 10 ton and a 6 ton Losenhausen 
universal fatigue machine; a pulsating tension 
machine of 10 ton capacity, also by Losenhausen; 
a small-capacity Schenck rotary bending machine; 
a resonance test rig suitable for full-scale sections; 
and a machine for applying an alternating torsion 
to tubular specimens by resonance vibrations at 
very high frequency. There is also full ancillary 
measuring equipment. 


Production 


The new fatigue labora- 
tory at Cambridge. It 
is equipped with seven 
principal machines of 
which the largest is a 
60 ton Schenck direct- 
stress machine; a _ re- 
sonance test rig will also 
take full-scale sections. 


The mechanics of machines laboratory houses 
the experiments for undergraduates in mechanics, 
both of a fundamental character and of a type 
peculiar to current engineering design: efficiency 
of gearing, vibration characteristics, lubrication 
problems, torsional oscillations, balancing and 
shaft whirling, gyroscopics and automatic con- 
trol. 

In addition this laboratory has apparatus for 
research on non-linear vibration. This work is 
divided into three main branches: the effects of 
non-linearity in vibrations of large amplitude; 
vibration isolation using non-linear springs; and 
work on machine-tool dynamics. 

The post-graduate course in control engineer- 
ing lasts for one academic year and leads to a 
Certificate of Advanced Study in Engineering. 
Accommodation for twelve students has been 
provided in a combined lecture-room and com- 
mon room. Each student has a single pedestal 
desk and there is a small library of books on 
control engineering. The teaching laboratory is 
equipped for a number of class experiments to 


INSPECTION METHOD FOR BEARINGS 


The checking of the adhesion of a white-metal 
lining to the steel shell of a bearing has always 
been difficult and, usually, the method adopted 
is an aural one, in which the surface of the 
metal is tapped. The adhesion is recognised 
by the sound produced, but the method is 
somewhat laborious and demands a great deal 
of experience on the part of the operator. 
Even so, it is not always reliable. 

A method described in the current issue of the 
Technical Journal of the Brush Group Limited, 
using a swinging galvanometer, is stated to have 
reduced the proportion of bearings rejected for 
unsatisfactory adhesion, in one works, to less 
than one per cent. The author, Mr. W. Torking- 
ton, who is chief inspector, Mirrlees, Bickerton 
and Day, Limited, Stockport, Cheshire, states 
that the Bristol Aeroplane Company Limited 
have for several years used the method for 
inspecting crankshaft bearings and _ cylinder 
heads in their Hercules and Centaurus engines, 
but that, as far as is known, the firm of 
Mirrlees pioneered its use in the Diesel-engine 
industry. 

The equipment employed consists essentially 
of a direct-current pot galvanometer having a 
sensitivity of 15 to 20 mm. per micro-ampere 
at one metre; a lamp and scale; a Westinghouse 
rectifier and a probe carrying four contacts 
applied by hand in the form of applicators. 
A recessed wooden block furnished with a layer 
of Sorbo rubber in the recess, is used to mount 
the galvanometer pot; the lamp and scale are 
mounted one metre away from the galvanometer 
and, for convenience and cleanliness, the whole 


apparatus is encased in a wooden cabinet fitted 
with a glass panel window. 

The adhesion between the white-metal lining 
and the steel sheel is tested by applying current 
and the potential probe contacts to the surface 
of the white metal. A current of known amper- 
age is passed through the joint between the two 
metals and any discontinuity in the electrical 
conditions, such as a defect lying across the 
path of the current, modifies the current flow 
and the potential difference at the probes. This 
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illustrate the principles of automatic control and 
simple electronics. 


A separate research laboratory provides 
accommodation for six research students, includ- 
ing provision for hydraulics research. Equip- 
ment has been built for work on control systems 
with predicted time of change-over to give the 
best performance for varying loads as well as 
changing input, and for recording and analysing 
random processes. Apparatus for the investiga- 
tion of the design of non-linear filters to dis- 
criminate between random processes having the 
same spectral density will shortly be moved into 
this laboratory from its temporary quarters. 

A computing room will house analogue com- 
puting equipment required in the simulation of 
non-linear filters and control systems. Some of 
the equipment is being set up as a small analogue 
computer for the solution of non-linear differen- 
tial equations and the investigation of well- 
defined problems. The remainder will be used, 
as required, in simulators set up in the course of 
researches of the type described above. 


change causes the reflecting galvanometer needle 
and the disc of light to swing from its point of 
rest on the scale and so reveals the defect. 
Where adhesion is satisfactory the galvanometer 
needle remains still. 

The success of the method depends on main- 
taining the absolute cleanliness of the instrument 
and, before a test is conducted, a trial run ona 
defective component producing a known deflec- 
tion on the scale should be carried out as a 
control measure. 


ROCKET BOOST NOW IN PRODUCTION FOR V-BOMBERS 


A constant-thrust version of the Spectre rocket 
engine made by the de Havilland Engine Com- 
pany, is in production as assisted-take-off units 
for Handley Page Victors and the Avro Vulcans. 
Vulcan and Victor bombers will be fitted with 
two Spectres—one under each wing—the installa- 
tion being similar to that already employed on 
the Valiant, in which, however, the assisted- 
take-off unit is a Super Sprite rocket, also 
a product of de Havilland. 

When fitted with assisted-take-off rocket 
engines, heavily-loaded military aircraft are 
able to operate from runways of medium length 
as they exist throughout the world to-day and 
are able to carry their war loads from small 
airfields even in tropical temperatures. Opera- 
tional flexibility is thus greatly increased. 

Liquid-propellent Super Sprite and Spectre 
rocket engines, as developed by de Havilland, 
are claimed to have important advantages not 


possessed by less sophisticated solid-propellent 
types. Being completely self-contained _ they 
are installed in a releasable nacelle which 1s 
dropped after firing and the aircraft is relieved 
of the weight and drag penalties. Being of 
compact and robust construction and fitted with 
a highly developed parachute gear they are 
recovered undamaged and made immediately 
available for repeated use. 

The assisted-take-off version of the Spectre 
is similar in most respects to the fully-variable 
thrust engine which was developed for rocket- 
powered aircraft and which was exhibited at the 
1957 S.B.A.C. display. Without the variable- 
thrust control mechanism it is, however, 4 
simpler and lighter engine. Like all de Havilland 
rocket engines it employs the inherently safe 
principles of thermal ignition, using hydrogen 
peroxide as an oxidant in conjunction with 4 
solid silver catalyst and kerosine fuel. 
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EXHIBITIONS AND CONFERENCES 


This list, in chronological order, appears in the last issue of each month. 


Events 


noticed for the first time and alterations of dates, places, etc., are indicated by an 
asterisk (*). For details of events not included below, reference should be made 
to ENGINEERING, December 27, page 812, and January 31, page 148. Organisers 
are invited to send particulars of coming events to the Editor. 


and Trade Fair, Second.—In 


Canadian Restaurant Association : 
Cc ion and E ition.—Mon., Mar. 24, 





March, at Bahrain. Agricultural machinery. 
Apply. to the Director of Agriculture, 
Bahrain. 
International Spring Fair.—Sun., 
— to Thurs., Mar. 6, at Frankfurt. 
Agents: Lep Transport Ltd., Sunlight Wharf, 
Upper Thames-street, London, E.C.4. Tel. 
CENtral 5050. 


ing and Confectionery Machinery Fair 
( RPACK).—Sun., Mar. 2, to Sun., 
Mar. 9, at Diisseldorf, Germany. Organised 
by the Nordwestdeutsche Ausstellungs- 
Gesellschaft m.b.H., Ehrenhof 4, Diisseldorf. 
Agents: John E. Buck and Co., 47 Brewer- 
street, London, W.1. Tel. GERrard 7576. 


Leipzig Spring Fair.—Sun., Mar. 2, to Tues., 
Mar. 11, at Leipzig. Agents: Leipzig Fair 
Agency, 127 Oxford-street, London, W.1. 
Tel. GERrard 0357. 


Smallwares Trade Fair, Fifth.—Mon., Mar. 3, 
to Fri., Mar. 7, at the Metropole Hotel, 
Brighton. Organised by Trade and Technical 
Exhibitions Ltd., 1 Dorset Buildings, Salis- 
bury-square, London, E.C.4. Tel. FLEet 
Street 1555. 


*Television Society’s Annual Exhibition.—Tues., 
Mar. 4, to Thurs., Mar. 6, at the Royal Hotel, 
Woburn-place, London, W.C.1. Admission 
by ticket, obtainable free, from the Television 
Society, 166 Shaftesbury-avenue, London, 
W.C.2. Tel. TEMple Bar 3330. 


Gas Turbine Conf: e and Exp , Inter- 
national.—Tues., Mar. 4, to Fri., Mar. 7, 
at the Shoreham Hotel, Washington, D.C. 
Organised by the Gas Turbine Power 
Division, American Society of Mechanical 
Engineers, 29 West 39th-street, New York 18, 


Ideal Home Exhibition—Golden Jubilee 
Exhibition, Tues., Mar. 4, to Sat., Mar. 29, 
at Olympia, London, W.14. Organised 
for the “ Daily Mail” by Associated News- 
papers, Ltd., 161-163 Queen Victoria-street, 
London, E.C.4. Tel. FLEet 6000. 


Scientific and Technical Translation, Con- 
ference.—Wed., Mar. 5, at the Connaught 
Rooms, Great Queen-street, London, W.C.2. 
Organised by Aslib, 4 Palace-gate, London, 
W.8. Tel. KNightsbridge 0444. 


ustralian Industries Fair, Second.—Fri., 
Mar. 7, to Sat., Mar. 29, in the Exhibition 
Building, Melbourne. Organised by the 
Victorian Chamber of Manufactures, 312 
Flinders-street, Melbourne, C.1. 


Toy and Trades Fair, International.—Sun., 
Mar. 9, to Fri., Mar. 14, at the Statler 
Hotel, New York. Organised by Inter- 
national Trade Shows, 545 Fifth-avenue, 
New York 17, U.S.A. 


*Protection of Motor Vehicles from Corrosion, 
Symposium.—Tues. and Wed., Mar. 11 and 
12, at the Institution of Mechanical Engineers, 
| Birdcage-walk, London, S.W.1. Organised 
by the Corrosion Group, Society of Chemical 
Industry, 14 Belgrave-square, London, S.W.1. 
Tel. BELgravia 3681. (Fee 10s. for Society’s 
members and £2 for others.) 


Oil and Colour Chemists’ Association Technical 
Exhibition.—Tues., Mar. 11, to Thurs., 
Mar. 13, at the Royal Horticultural Society’s 
New Hall, Westminster, London, S.W.1. 
Apply to the Oil and Colour Chemists’ 
Association (London Section), Memorial 
Hall, Farringdon-street, London, E.C.4. Tel. 
CENtral 2120. 


BRIGHTER HOMES 


Daily Mail’? Brighter Homes Exhibition.— 
Tues., Mar. 11, to Sat., Mar. 29, at Manches- 
ter. Organised by Provincial Exhibitions, 
Ltd., City Hall, Deansgate, Manchester, 3. 
Tel. Deansgate 6383, 


Motor Show, International.—Thurs., Mar. 13, 
to Sun., Mar. 23, at Geneva. Exhibition 
offices: 1 Place du Lac, Geneva, Switzerland. 


Nuclear Congress.—Sun., Mar. 16, to Fri., 
Mar 21, at Chicago, Ill., U.S.A. Organised 
by the American Institute of Chemical 
Engineers, 25 West 45th-street, New York 26. 
Apply to the Engineers’ Joint Council, 29 
West 39%th-street, New York 18. See also 
ENGINEERING, August 26, 1957, page 219. 


National Association of Corrosion Engi 
: gineers, 
Annual Conference.—Mon., Mar. 17, to 
Fri., Mar. 21, at the Civic Auditorium, San 
Francisco, —, U.S.A. Organised by the 
sociation, 1061 M & M Buildi 
ye uilding, Houston 


*Aeronautical Research and Development Advi- 
sory Group (NATO), Third Colloquium.— 
—— Mar. 17, to Fri., Mar. 21, in Palermo, 
— ae ree ““ Combustion and Propul- 

roblems.”” Grou ffices : i 
de Chaillot, Paris 16e. ee ea 


Copenhagen International Technical Fair.— 
— Mar. 21, to Sun., Mar. 30, at Copen- 
Ya? a: — and Turner Group, 

9 errard-street, London, ie 
Tel. GERrard 4951. — 


° ‘ 
Making of a Scientist, Conference.—Sat., 
ar. 22, at Victoria House, Southampton- 
on London, W.C.1. Fees 10s. and £1. 
rganised by the British Social Biology 


Council, 69 Eccl * 
Tel. VIC. _s leston-square, London, S.W.1. 


P 





to Thurs., Mar. 27, at the Automotive 
Building, Toronto. Food machinery and 
equipment. Organised by the Canadian 
Restaurant Association, 415 Bloor-street 
West, Toronto, Ontario. 


Radio Engineering Show.—Mon., Mar. 24, 
to Thurs., Mar. 27, at the New York 
Coliseum, New York. Sponsored by the 
Institute of Radio Engineers. Organised by 
William C. Copp Associates, 72 West 
4Sth-street, New York 22, U.S.A. 


Physical Society’s Exhibition of Scientific Instru- 
ments and Apparatus.—Mon., Mar. 24, to 
Thurs., Mar. 27, in the Royal Horti- 
cultural Society’s Old and New Halls, 
Vincent-square and Greycoat-street, London, 
S.W.1. Organised by the Physical Society, 
1 Lowther-gardens, Prince Consort-road, 
London, S.W.7. Tel. KENsington 0048. 


Instrument Show, Fourth International.—Mon., 
Mar. 24, to Sat., Mar 29, at Caxton Hall, 
off Victoria-street, London, S.W.1. Apply 
to B and K Laboratories Ltd., 57 Union- 
street, London, S.E.1. Tel. HOP 4567. 


Technology of Engineering Manufacture, Con- 
ference.—Tues., Mar. 25, to Thurs., Mar. 27, 
at the Institution of Mechanical Engi- 
neers, 1 Birdcage-walk, St. James’s Park, 
London, S.W.1. Organised by the Institu- 
tion in conjunction with its Applied Mech- 
anics Group and its Industrial Administra- 
tion and Engineering Production Group. 
Apply to the Institution, as above. Tel. 

WHitehall 7476. 


Electrical Engineers’ Exhibition, Seventh.— 
Tues., Mar. 25, to Sat., Mar. 29, at Earl’s 
Court, London, S.W.5. Sponsored by the 
Association of Supervising Electrical Engi- 
neers, 23 Bloomsbury-square, London, W.C.1. 
(Tel. LANgham 5927.) Organised by the 
Electrical Engineers (A.S.E.E.) Exhibition, 
Ltd., 6 Museum House, 25 Museum-street, 
London, W.C.1. Tel. MUSeum 3450. 


Rand Easter Show, 48th.—Tues., Mar. 25, 
to Mon., April 7, at Johannesburg. Agri- 
cultural machinery and dairy implements. 
Organised by the Witwatersrand Agri- 
cultural Society, Show Grounds, Milner Park, 
Johannesburg, South Africa. 


MATHEMATICAL CONGRESS 


British Mathematical Colloquium.—Wed., 
Mar. 26, to Fri., Mar. 28, at The University, 
Reading. Organising secretary: Mr. J. E. 
Reeve, Department of Mathematics, The 
University, Whiteknights Park, Reading. 
Tel. Reading 82481. Applications should be 
submitted as promptly as possible. Accom- 
modation will be available at university halls. 


Radio Aids to Aeronautical and Marine Navi- 
gation.—Thurs. and Fri., Mar. 27 and 28, at 
the Institution of Electrical Engineers, Savoy- 
place, Victoria~-embankment, London, W.C.2. 
Organised by the Institution’s Radio and 
Telecommunication Section. Tel. TEMple 
Bar 7676. 


Royal Easter Show.—Fri., Mar. 28, to Tues., 
April 8, in Sydney. Organised by the Royal 
Agricultural Society of New South Wales, 
33 Macquaria-street, Sydney. 


Agricultural Machinery Exhibition.—Sat., Mar. 
9, to Thurs., April 3, at Strasbourg, France. 
Organised by the Salon International de la 
Machine Agricole, Union des Exposants de 
Machines et d’Outillage Agricoles, 95 Rue 
Saint Lazare, Paris 9. 


Electron and Nuclear Resonance in Chemistry, 
Applications of; and Recent Work on the 


Science in the Use of Coal, Residential Confer- 
ence.—Tues., April 15, to Thurs., April 17, 
at The University, Sheffield. Organised by 
the Institute of Fuel, 18 Devonshire-street, 
London, W.1. Tel. LANgham 7124. 


Liége International Trade Fair, Tenth.—Sat., 
April 26, to Sun., May 11, at Liége, Belgium. 
Agent: Mr. R. C. Liebman, 178 Fleet-street, 
London, E.C.4. Tel. CITy 5889. 


Electrochemical Society, General Meeting.— 
Sun., April 27, to Thurs., May 1, at New 
York. Organised by the Society, 216 West 
102nd-street, New York 25. 

German Industries Trade Fair.—Sun., April 27, 
to Tues., May 6, at Hanover. Agents: 
Schenkers, Ltd., Royal London House, 
13 Finsbury-square, London, E.C.3. Tel. 
METropolitan 9711. 


Institute of Metals, Jubilee Spring Meeting 
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Aut ion Exposi and Congress, Fourth.— 
Mon., June 9, to Fri., June 13, in New York. 
Organised by Richard Rimbach Associates, 
Management, 845 Ridge-avenue, Pittsburg 
12, Pa., U.S.A. 

*Technical Writers’ Institute, Sixth Annual.— 
Mon., June 9, to Fri., June 13, at Rensselaer 
Polytechnic Institue. Apply to Mr. Jay R. 
Gould, Director, Rensselaer Polytechnic 
Institute, Troy, N.Y., U.S.A. 

Electricity: Collective Economical Enterprises 
in the Public Section of the Industry, Inter- 
national Congress.—Mon., June 16, to Fri., 
June 20, in Liége. Organised by the Associa- 
tion Liegeoise d’Electricité, 30 Rue des 
Augustins, Liége, Belgium. 

Iron and Steel Institute Special Meeting in 
Belgi and | bourg.—Wed., June 18, 
to Sat., June 28, at Brussels, Charleroi, 
Liége, and Luxembourg. Organised by the 
Iron and Steel Institute, 4 Grosvenor- 
gardens, London, S.W.1. Tel. SLOane 0061, 


Organisation of Guat Engineering Projects, 











Mon., April 28, to Fri, May 2, in London; 
and Mon. and Tues., May 5 and 6, at pro- 
vincial centres. Organised by the Institute, 
17 Belgrave-square, Westminster, London, 
S.W.1. Tel. BELgravia 3291. 

Engineering Societies in Western Europe and the 
United States, Conference.—Mon., April 28, 
to Sat., May 3, in New York. Apply to 
Colonel C. E. Davies, secretary, American 
Society of Mechanical Engineers, 29 West 
39th-street, New York 18. 


Prestressed Concrete, International Congress.— 
Mon., May 5, to Sat., May 10, in Berlin. 
Organised by the Fédération Internationale 
de la Précontrainte, Paris. Apply to Mr. P. 
Gooding, c/o the Cement and Concrete 
Association, Terminal House, 52 Grosvenor- 
gardens, London, S.W.1. Tel. BELgravia 
6661. 


UNITED STATES WORLD FAIR 


United States World Trade Fair, Second.— 
Wed., May 7, to Sat., May 17, at the New 
York Coliseum, New York, U.S.A. Mana- 
gers: The Charles Snitow Organisation, 
Inc., 331 Madison-avenue, New York 17. 
Information may be obtained from the 
British Commonwealth Chamber of Com- 
merce in the United States, 677 Fifth-avenue, 
New York 22. The fair’s British and 
Commonwealth office is at 36-38 Southamp- 
ton-street, London, W.C.2. Tel. TEMple 
Bar 8947. 

Illuminati Engi ing Society, Summer 
Meeting.—Sun., May 11, to Wed., May 14, 
at Eastbourne. Display of lighting equip- 
ment at the Grand Hotel, Eastbourne, on 
May 11. Organised by the Society, 32 
Yictoria-street, London, S.W.1. Tel. ABBey 
5215. 





Production Exhibition. —Mon., May 12, to 
Wed., May 21, at Olympia, London, W.14. 
Organised by the Institution of Production 
Engineers. Apply to exhibition Offices: 
32 Millbank, London, S.W.1. Tel. TATe 
Gallery 8134. 


Gauge and Tool Exhibition.—Monday, May 12, 
to Wed., May 21, at Olympia, London, W.14. 
Organised by the Gauge and Tool Makers’ 
Association, Standbrook House, 2-5 Old 
Bond-street, London, W.1. Tel. HYDe Park 
345 

*Institute of British Foundrymen, 55th Annual 
Conference.—Tues., May 13, to Fri., May 16, 
at Buxton. Organised by the Institute of 
British Foundrymen, St. John-street Cham- 
bers, Deansgate, Manchester 3. Tel. Black- 
friars 6178. 

*Metallurgical and Engineering Aspects of 
Weight Saving in Steel Structures, All-Day 
Conference.—Fri., May 16, in Glasgow. 
Organised by the West of Scotland Iron and 
Steel Institute, 39 Elmbank-crescent, Glasgow, 
C.2. Tel. CENtral 5181. 

Castings Congress and Foundry Show.—Mon., 
May 19, to Fri., ay 23, in the Public 
Auditorium, Cleveland, Ohio. Organised by 
the American Foundrymen’s Society, Golf 
and Wolf-roads, Des Plaines, Ill., U.S.A. 

*Standards in Action, Conference.—Wed., May 





Inorganic Chemistry of Sulph Symp — 
Mon., Mar. 31, to Wed., April 2, at Bristol. 
Organised by the Chemical Society, Burling- 
ton House, Piccadilly, London, W.1. Tel. 
REGent 0675. 


*Swiss Industries Fair.—Sat., April 12, to Tues., 
April 22, at Basle, Switzerland. Apply to 
the Economic Division, 18 Montagu-place, 
Bryanston-square, London, W.1. Tel. PAD- 
dington 0701. 


Japan International Trade Fair.—Sat., April 12, 
to Sun., April 27, at Osaka. Apply to the 
Japan International Trade Fair Commission, 
Honmashi-bashi, Higashi-ku, Osaka, Japan. 
See also ENGINEERING, July 5, 1957, page 27. 


American Chemical Society, 133rd Meeting.— 
Sun., April 13, to Fri., April 18, at San 
Francisco. Organised by the Society, 1155 
Sixteenth-street, Washington 6, D.C., U.S.A. 


Radio Component Show, 15th Annual.—Mon., 
April 14, to Thurs., April 17, at Grosvenor 
House and Park Lane House, Park-lane, 
London, W.1. Annual private exhibition 
organised by the Radio and Electronic 
Component Manufacturers’ Federation, 21 
Tothill-street, London, S.W.1. (Tel. ABBey 
4226.) No special preview will be held on 
this occasion. Applications for admission 
must be made in advance. 


Factory Equipment Exhibition.—Mon., April 14, 
to Sat., April 19, at Earl’s Court, London, 
S.W.5. Theme: “* Modern Factory Equip- 
ment—Britain Challenges the World.” 
Organised by Factory Equipment Exhibitions 
Ltd., 4 Snow-hill, Holborn-viaduct, London, 
E.C.1. Tel. CENtral 0354. 


21, at the Connaught Rooms, Great Queen- 
street, London, W.C.2. Held under auspices 
of the British Standards Institution. Apply 
to 1.Prod.E./B.S.1. Committee, 2 Park-street, 
London, W.1. Tel. MAYfair 9000. 

International Water Supply Association, Fourth 
Congress.—Sat., May 24, to Sat., May 31, 
at Brussels. Apply to Mr. L. Millis, O.B.E., 
International Water Supply Association, 
34 Park-street, London, W.!. Tel. GROs- 
venor 1092. 


Large Electric Systems, International Confer- 
ence on, 17th Session.—Sat., May 31, to 
Sun, June 8, in Paris. Offices of the Con- 
ference: 112 Boulevard Hausmann, Paris. 

ACHEMA Chemical Engineering Exhibition.— 
Sat., May 31, to Sun, June 8, at Frankfurt. 
Organised by DecHeMA, 25 Rheingau-Allee, 
Frankfurt-on-Main, Germany. 

Solid State Physics in Electronics and Tele- 
communications, International Conference.— 
Mon., June 2, to Sat., June 7, at The Univer- 
sity, Brussels. Apply to the honorary 
general secretary, Société Belge de Physique, 
Loveral, Belgium. 


HIGH TENSION NETWORKS 


High Tension Networks, International Conference 
on.—Wed., June 4, to Sat., June 14, at 
Fondation Berthelot, 28 Rue Saint Domin- 
ique, Paris. Organised by the Conférence 
Internationale des Grands Réseaux Electri- 
ques (C.LG.R.E.). Apply to the secretary, 
British National Committee, Thorncroft 
Manor, Dorking-road, Leatherhead, Surrey. 
Tel. Leatherhead 3423. 


Symp —Tues., June 24, to Thurs., 
June 26, at Olympia, London, W.14. Organ- 
ised by the Institution of Chemical Engineers, 
16 Belgrave-square, London, S.W.1. Tel. 
BELgravia 3647. 

Welding, International Institute of, Annual 
Assembly.—Wed., June 25, to Tues., July 1, 
in Brussels. Offices of the Institute: 54 
Princes-gate, Exhibition-road, London, S.W.7. 
Tel. LANgham 7488. 

Royal Institution of Chartered Surveyors, 
Annual Conference.—Tues., July 1, to Sat., 
July 5, at The University, Exeter. Theme: 
** The Development of Land as an Investment 
for the Future.” Offices of the Institution: 
12 Great George-street, London, S.W.1. 
Tel. WHitehall 5322. 

Steric Effects in Conjugated Systems, Symposium. 
—Tues., July 15, to Thurs., July 17, at Hull. 
Organised by the Chemical Society, Burling- 
ton House, Piccadilly, London, W.1. Tel. 
REGent 0675. 

High Polymers International Conference.— 
Mon., July 21, to Thurs., July 24, at The 
University, Nottingham. Organised by the 
Conference Secretariat, Department of 
Scientific and Industrial Research, 5-11 
Regent-street, London, S.W.1. Tel. WHite- 
hall 9788. 

Mathematicians, International Congress of.— 
Thurs., Aug. 14, to Thurs., Aug. 21, in 
Edinburgh. Offices: 16 Chambers-street, 
Edinburgh 1. 

Australian and New Zealand Association for 
the Advancement of Science, 33rd Congress.— 
Wed., Aug. 20, to Wed., Aug. 27, at Adelaide. 
Apply to Dr. R. S. Burdon, Department of 
Physics, University of Adelaide, Adelaide, 
South Australia. 

Combustion, Seventh International Symposium 
on.—Thurs., Aug. 28, to Wed., Sept. 3, 
at Oxford University, and the Royal Insti- 
tution, Albemarle-street, London, . 
Organised by the Combustion Institute, 
936A Union Trust Building, Pittsburg 19, 
Pa., U.S.A. Communications to The Com- 
bustion Institute Committee, c/o The 
Institute of Fuel, 18 Devonshire-street, 
London, W.1. Tel. LANgham 7124. 


Future of Non-Ferrous Mining in Great Britain 
and Ireland, Symposi Sep ber, in 
London. Sponsored jointly by the Insti- 
tution of Mining and Metallurgy and the 
United Kingdom Metal Mining Association. 
Apply to the Institution of Mining and 
Metallurgy, 44 Portland-place, London, W.1. 


USES OF ATOMIC ENERGY 


Peaceful Uses of Atomic Energy, Second 
International Conference.—Mon., Sept. 1, 
to Sat., Sept. 13, at Geneva. Secretariat: 
1 Place du Lac, Geneva, Switzerland. Apply 
to the secretary, the executive committee, 
1958 Geneva Conference, Atomic Energy 
Research Establishment, Harwell, Berks. 
See ENGINEERING, August 16, 1957, page 218. 

Pan American Federation of Engineering 
Societies, 5th Convention.—Tues., Sept. 2, 
to Sat., Sept. 6, at Montreal, Canada. 
Organised by the Engineers Joint Council, 
29 West 39th-street, New York 18. 


Cybernetics, Second International Conference 
on.—Wed., Sept. 3, to Wed., Sept. 10, at 
Namur. Organised by the _ International 
Association for Cybernetics, 13 Rue Basse- 
Marcelle, Namur, Belgium. 

American Chemical Society.—Sun., Sept. 7, 
to Fri., Sept. 12, at Chicago, Ill., U.S.A. 
Organised by the Society, 1155 Sixteenth- 
street, Washington 6, D.C., U.S.A. 

Coal Petrology, First International Meeting 
on.—Wed., Sept. 10, to Sat., Sept. 13, at 
Heerlen, Holland. Organised by the Com- 
mittee on Coal Petrology, Geoligsch Bureau, 
Akerstraat 86-88, Heerlen, Holland. 


Conservation of Nature and Natural Resources, 
International Union for.—Thurs., Sept. 11, 
to Fri., Sept. 19, at Athens and iphi, 
Greece. Sixth general assembly and seventh 
technical meeting. Union address: 31 Rue 
Vautier, Brussels, Belgium. 

Large Dams, International Commission os, 
World Power Conference.—Mon., Sept. 15, to 
Sat., Sept. 20, in New York. Communica- 
tions to the secretary, British National 
Committee on Large Dams, 201-202 Grand 
Buildings, Trafalgar-square, London, W.C.2. 
Tel. WHitehall 3966. 

Gearing, International Conference.—Week com- 
mencing Mon., Sept. 22, in London. Organ- 
ised by the Institution of Mechanical Engi- 
neers, | Birdcage-walk, St. James’s Park, 
London, S.W.1. Tel. WHitehall 7476. 

Gas Congress, Seventh International.—Mon., 
Sept. 22, to Thurs., Sept. 25, in Rome. 
Organised by the International Gas Union, 
4 Avenue Palmerston, Brussels 4, Belgium. 
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BOYS AND GIRLS COME OUT TO WORK 


By T. A. Prichard* 


After over-long deliberation, the Carr Com- 
mittee have at last reported on the recruitment 
and training of young workers in industry.' 
The report is commendably brief and, being so, 
should be read—and it could be read with ease 
on a half-hour’s train journey—by every works 
manager, general manager and director in 
industry. Although they deal with the whole of 
industry, much of the Carr Committee’s time 
was given to engineering and many of their 
comments and recommendations apply thereto. 

There are no revolutionary recommendations 
in the report. A great deal of its argument and 
suggestions have been fairly fully discussed 
already, at least among educationalists, youth 
employment officers and some industrialists. It 
only goes part of the way to meet the strictures 
of Lady Gertrude Williams in her recent study 
of apprenticeship.*, On the other hand, the 


report comes out boldly in favour of a big 
increase in the numbers of apprentices, par- 
ticularly in small firms, to take advantage of the 
** bulge” of school-leavers, and in support of 
many changes in the methods and pattern of 
apprenticeship which, if they were put into 





effect thoroughly, would have a profound and 
beneficial impact on industrial training. What 
the Carr report also does is to give the backing 
of a Government committee, composed of 
industrialists and trade-union leaders, to the 
need for a re-assessment by every industry of its 
traditional methods of training. The engineering 
industries do more than most, but if they are to 
meet the demands of the future, they ought 
to take the report seriously. 

The committee’s consideration of training has 
been made against the background of the 
country’s long-term need for larger numbers of 
trained people in industry, and of the short- 
term impact during the next decade of the 
* bulge” of school-leavers, already evident in 
the summer of last year. The report argues that 
“in 1962 there will be 316,000 more boys and 
girls aged fifteen than there were in 1956, an 
increase of over 50 per cent.’ As was stated in 
the November issue of Technology, the number 
of children aged fifteen in the three years 1961, 
1962 and 1963 will be about 36 per cent. higher 
than in the three years 1953 to 1955. To youth 
employment officers, the bulge of school-leavers 

* Industrial Administration (R. & A.)"Limited. 


has already begun to be a matter for concern, 
because industry’s reaction to the greater 
numbers last summer was not encouraging. To 
the country, as the Carr Committee emphasise, 
the bulge in the numbers of school-leavers is a 
never-recurring opportunity which must not be 
thrown away. “ Time is ... short, and we 
{the Committee] urge each industry most 
strongly to lose no time in re-assessing its need 
for skilled workers, while the opportunity to 
make good deficiencies is still with us... . 
Both long-term population trends and prospec- 
tive demands for skilled workers mean that 
industries will require all the skilled workers 
that the bulge can provide.” 

The extent of the future demand for skilled 
workers and technicians in engineering is 
clearer than in some other industries, since 
engineering is the basis of modern industrial 
advance. What has not been fully realised by 
industry, in spite of Government reports and 
innumerable official pronouncements, is the 
extent of the requirement of skilled personnel in 
the next few decades and the dominant part 
that apprenticeship must play in providing them. 


Fig. 1 (left) Charge- 


hand instructing a 16 
year old apprentice in 


die casting, under a 


group apprenticeship 


scheme. 


Fig. 2 (right) A capstan 


lathe being operated by 


a senior apprentice 


training under a group 


scheme. 


Industry, the committee state, must “ increase 
substantially its present intake into apprentice- 
ship.” It is the intention in the present article 
to consider the numbers of apprentices required 
in engineering and then to consider whether the 
type of training is right. For, as the Carr 
Committee argue, an increase in quantity will 
not meet the country’s need unless “ the quality 
of the training given is of the high standard 
necessary to enable us to maintain our place as 
one of the great manufacturing and trading 
nations of the world.” 


NUMBER IN ENGINEERING 


An assessment of the numbers of engineering 
apprentices likely to be required by the country 
in the next eight or ten years is difficult because 
there are no reliable figures of skilled workers 
and technicians at present in the engineering 
industry, or any reliable estimates of the numbers 
needed in the future. Part of the reason for the 
length of time taken by the Carr Committee 
in producing their report was the delay in 
getting information on future requirements of 
industry from the main industrial organisations, 
few of which have yet given adequate thought to 


50 Per Cent. More in 196) 


the matter. As a point of departure in engi- 
neering, however, we may take the Government's 
report on scientific and engineering manpower 
published in the autumn of 1956. In this report, 
it was argued that there were about 90,000 
professional engineers in industry in 1956 
and that some ; 153,000) would be required by 
1966. 

A joint committee of engineers suggested 
a few years ago that the engineering industry 
required 67 per cent. of its apprentices to be craft, 
25 per cent. technician and 8 per cent. student. 
That is roughly 8§ :3:1. On the basis of this 
ratio, which would be less demanding on training 
resources than that of the Government's White 
Paper on technical education’ (i.e., 5 or 6 tech- 
nicians to each professional engineer), the 
number of skilled workers and _ technicians 
required to support the 153,000 professional 
engineers in 1966 would be 1,300,000 and 459,000, 
respectively. Additional requirements in the 
next ten years, on the same basis, would be about 
600,000 skilled workers, 200,000 technicians and 
60,000 professional engineers. Such require- 
ments can be translated into a need for about 





86,000 extra apprentices a year in engineering. 
This may be a high assessment, but not 
excessively. 
The number of new engineering apprentices a 
year (including those in the vehicle industry) 
is about 45,000; with a total of something over 
100,000 apprentices in all industries. If it were 
not for the bulge of school-leavers, a requirement 
of 86,000 more engineering apprentices a year 
would be impossible. But the bulge will result 
in 30 to 50 per cent. more leavers in 1961 to 1963 
than in 1953 to 1955. For the same proportion 
as now of boys leaving school to become appren- 
tices, industry will have to absorb at least 
30,000 more apprentices and the engineering 
industries (including the vehicle industry) will 
have to absorb at least 13,500 extra apprentices. 
The average entry of school-leavers into 
apprenticeships has been about a third. If the 
opportunity of the bulge is to be taken fully, 
at least half the school-leavers ought to be 
apprenticed in industry. In the years 1961 to 
1963, there could thus be some 200,000 appren- 
tices instead of the present 100,000; and, of these, 
at least 90,000, that is double the present figure 
of 45,000, need to be taken up by the engineering, 
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shipbuilding metalwork and vehicle industries. 
Even then, the number of engineering appren- 
tices would not reach anything like the 86,000 
that may be required. 

The question that must be asked by the 
engineering employers’ organisations and the 
trade unions is how the 45,000 extra engineering 
apprentices a year can be trained. It is unlikely 
that the large firms can take in many more 
apprentices, other than asa result of a shortening 
of the training period. The Carr report argues 
that “the responsibility which an industry has 
collectively for the training of its young workers 
must in effect be a responsibility which is shared 
by each firm in the industry.” If small firms are 
to train apprentices on a large scale, then 
“increased use will need to be made of such 
arrangements as group apprenticeship schemes, 
joint training centres, pre-apprenticeship courses, 
and block release for further education.” 

The only group apprenticeship scheme in the 
engineering industry is that of the Engineering 
Industries Association, known as ELAGA. This 
scheme is administered by the author’s company. 
it has been running since early 1955 and has 
some 300 apprentices indentured to nearly 170 
small and medium-sized firms. In the scheme, 
apprentice supervisors help in the selection of 
boys, prepare practical instruction programmes, 
advise on technical college courses and, through- 
out the boys’ apprenticeship, act as_ their 
mentors, like training officers in large firms. 
Among the many companies which operate 
this scheme are Slough Metals Limited, Slough, 
and C. H. Johnson (Machinery) Limited, Stock- 


doubt that most engineering apprentices to-day 
could be trained as well in four years, as 
they are at present in five. But it would be 
misleading to argue that five years can be de- 
creased to four, or three, without very careful 
consideration of the subject-matter most suited 
to.the future needs of industry and the appren- 
tices themselves. The review of content must 
come first and a review of length of apprentice- 
ship should follow. It is likely that most appren- 
ticeships in future will be able to be completed in 
less than five years, once the traditional ineffi- 
ciencies of apprentice training, discussed so 
forthrightly by Lady Williams in her book, are 
avoided. If the age of entry is to be made more 
flexible—another recommendation of the report 
—then more effective training methods will be 
essential. The Carr Committee does not recom- 
mend the freedom of age of entry found in the 
United States, but, if concentrated training 
methods are developed, it would become increas- 
ingly practicable for apprenticeships to be begun 
at a much later age. 

Length of apprenticeship cannot be con- 
sidered without arguing about content. For 
example, whether general apprenticeship for the 
machine-shop and metal trades should not 
supersede the categories of turner, miller, 
welder and fitter. Further, the length of train- 
ing can only be considered in conjunction with 
the quality and methods of training. Here, too, 
the Carr Committee give a clear lead: ‘* Our 
traditional apprenticeship system should form 
the foundation of future training arrangements, 
but some existing practices need re-examination.” 
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TRAINING METHODS 


There is no doubt that the methods of training 
employed in apprentice training can, in general, 
be much improved. Mr. W. Douglas Seymour, 
in his recent article in ENGINEERING®, as well as 
in his book Industrial Training for Manual 
Operations, argued that modern techniques in 
training are not being much used in training 
apprentices. The method of analysis of the 
learning process for each manual task, which 
has -been developed to.train-operatives, could be 
extended to train apprentices in the basic machine 
operations. An analysis of the skills involved is 
required, to show where special training exercises 
are needed, where the faculties have to be more 
fully used, and at what point judgment has to 
be exercised. There has been research on train- 
ing; for example, that under the aegis of the 
National Foundation for Educational Research, 
but it has not been widely disseminated. 

A careful analysis of training methods is 
easiest where apprentices are given at least their 
initial practical training in an apprentices’ school. 
There is no reason why smaller and medium- 
sized firms should not set up joint training 
centres, as suggested by the Carr Committee, or 
perhaps, by arrangement, first share in the 
facilities offered by a large firm in their area. In 
the EIAGA scheme thought has already been 
given co setting up training centres. One of the 
larger firms which have a well-developed appren- 
tice-training scheme is Rolls-Royce Limited and, 
in Fig. 3, a young apprentice at that firm is 
shown obtaining instruction in helical milling. 
Fig. 4 gives a general view of apprentices 
receiving machine training at the Rolls-Royce 
apprentices’ initial training school. The theore- 
tical side of apprentice training can best be 
covered by block-release courses instead of 
by part-time day releases. Block-release courses 





Fig. 3 (left) Young are to be set up at Croydon and elsewhere. 
The educational advantage is undeniable, and the 
inconvenience caused to the employers can be 
offset by the more effective theoretical training 
which results. 

There may be some trade-union objections to 
the improving and streamlining of traditional 
apprenticeship, because of the desire to control 
entry into skilled trades. Many unions in 
Britain have an almost myopic concern with 
ending apprenticeship at 21 because of wage 
agreements. But opposition to shortening ap- 
prenticeship also comes from some employers, 
who retain the traditional attitude to the last 
year or two of apprenticeship in expecting then 
a practical return in cheap labour for the training 
provided in the earlier years. Employers’ opposi- 
tion to lowering the period of apprenticeship is 
in practice the more serious obstacle. 

The Carr Committee give attention to the 
over-high wastage of boys from technical college 


apprentice to Rolls-Royce 
Limited receiving instruc- 


tion in helical milling. 


Fig. 4 (below) Machine 


training in the Rolls- 
Royce apprentices’ initial 


training school. 





port. In the accompanying illustrations, the 
instructing charge-hand at Slough Metals is 
shown in Fig. | standing by while a 16 year old 
apprentice casts an alloy into a die for a pump 
body. In Fig. 2, a 19 year old apprentice of 
C. H. Johnson's is shown operating a Herbert 
No. 4 capstan lathe. The ELAGA scheme is 
established in and around London, in the Mid- 
lands and in the North-West. It needs, however, 
to be expanded ten or even hundred-fold to 
take full advantage of the bulge. 
SHORTER APPRENTICESHIP ? 

The engineering industries can only train the 
numbers of apprentices that ought to be trained 
during the next ten years, either by a change in 
the attitude of the majority of small firms to 
apprenticeship or by decreasing the period of 
apprenticeship. Is there a case for shortening 
engineering apprenticeship? The Carr Com- 
mittee have recommended that the period and 
content of apprenticeships should be reviewed: 
and have encouraged a widening of the range of 
training to equip young people to be prepared 
for technical change. In the United States and 
France, the apprenticeship period is frequently 
much shorter than in Britain. There is no 
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courses. The attitudes of employers and parents 
to technical college instruction are often at 
fault, but more care is needed to ensure that the 
courses which the boys take up are within their 
capacities. As Lady Williams has pointed out, 
changes since the war, both in the wider scope 
for grammar-school education for bright children 
(at present generally taking them out of the 
range of apprenticeship because of age-of-entry 
limitations) and the extension of part-time day 
releases, resulting in compulsory attendance at 
technical colleges, have meant that even the 
intermediate certificate of the City and Guilds 
of London Institute is frequently out of appren- 
tices’ reach. The wastage of apprentice-students 
is very high. Often less than 20 per cent., and 
sometimes less than 10 per cent. of the appren- 
tices commencing C. & G. courses complete 
them and pass the intermediate examination. 
The C. & G. has introduced mechanical engi- 
neering craft practice courses and examinations 
at a lower level for apprentices taking day-release 
courses and who cannot make the grade of the 
intermediate examination, but these courses are 
not yet being widely taken. Too often youth 
employment officers and parents urge boys to try 
for examinations which they are unfitted to tackle. 
The maelstrom of enrolment time at the technical 
colleges rarely makes it possible for teachers to 
give personal attention to individual boy’s 
requirements. Effort is necessary, however, to 
save the huge waste of teaching time and the 
frustration caused as a result of boys taking 
unsuitable courses. 

The Carr Committee have referred in their 
report to most of the problems of British 
apprenticeship. The report might be attacked 
on the grounds that it does little more than 
collect a series of general proposals on these 
problems. But this criticism would be unfair. 
For the problems facing apprenticeship can only 
be tackled inside each industry. A committee 
investigating engineering apprenticeship alone 
would produce a more practical report. It has 
been left to each industry to thrash out how it 
can extend and improve its apprenticeship 
arrangements. The Engineering and Allied 
Employers’ National Federation and’ the Ship- 
building Employers’ Federation have agreed to 
accept the responsibility of studying forms of 
apprenticeship most suited to the engineering 
industries in these times. The British Employers’ 
Federation are holding a conference on the 
report next month. 

_ Little is contained in the report about estab- 
lishing nationally-recognised certificates _ of 
apprenticeship. Apprentices from the large 
engineering firms are recognised throughout the 
country, but, elsewhere, standards vary widely. 
Until the EIAGA scheme was started, an 
apprentice trained in a small engineering firm 
had no means of establishing that he had been 
fully trained. The EIAGA certificate has already 
found acceptance in the engineering industries. 

Both the A.A.C.P. productivity team report on 
training of operatives and the report of the 
Birmingham team on German apprenticeship 
pointed to the value of nationally-recognised 
certificates of apprenticeship. The French 
centres d’apprentissage, like the American local 
apprenticeship committees, establish control 
over apprenticeship standards, which couid 
provide guidance for our own joint youth 
training Committees. 

_The Carr report is likely to lead to renewed 
discussion of apprenticeship and ought to lead 
to a thorough and general re-appraisal of 
industry’s requirements from apprenticeship. 
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COMPARATIVE NATIONAL PRODUCTS 


A Survey of Western Europe and the United States 


Living standards in Europe are slowly catching 
up on those in the United States but they are 
still on average less than half the American level. 
This is the main conclusion of a study prepared 
by Mr. Milton Gilbert, Director of Economics 
and Statistics at O.E.E.C., entitled Comparative 
National Products and Price Levels. (H.M. 
Stationery Office, price 24s.) This study com- 
pares gross national products and the use of 
resources of Western Europe with those of the 
United States in real terms instead of at official 
exchange rates. 

With a population of 284,000,000 as against 
165,000,000 in the United States the gross 
national product of the O.E.E.C. member 
countries in 1955 was still only 37 per cent. at 
European prices to 48 per cent. at United States 
prices, of the American level. There are big 
differences between the European countries 
themselves. For example, the gross national 
product of the United Kingdom in 1955 was 
between 51 per cent. and 64 per cent. according 
to the price weighting used, of that of the United 
States. At the other extreme Italy rated only 
24 per cent. and 35 per cent. In between came 
Belgium (49 per cent. to 58 per cent.), Germany 
(44 per cent. to 58 per cent.), France (43 per cent. 
to 56 per cent.), and Denmark (46 per cent. to 
61 per cent.). The relative positions of the 
European countries have not changed drastically 

etween 1950 and 1955. The disparity between 
the poorest—Ltaly—and the richest has decreased 
a little, but Ltaly still has the lowest gross national 
product of ali the countries included in this 
comparison, and Britain with Denmark and 
Norway are still at the top. 

Investment absorbed a smaller share of real 
resources in Europe than in the United States in 


1955 | Secon | U.K. | Norway | Belgium | France | Netherlands 


Consumption oe re ~~ 107 103 97 
91 


Investment a Re se 77 | 121 
Government spending at ‘ 84 116 | 34 
Consumption oe ed 107 104 100 
Investment = oe i 98 | 84 122 
Government spending me es 65 | 96 60 


| 


1950. By 1955 owing to the spurt in housing, 
four European countries were investing a bigger 
proportion of their gross national product than 
the United States. 

The share of gross national product 20i 
to consumption, investment and Government 
spending in 1955 is shown in the following 
table. 

From this table it is clear that Britain jg 
investing a smaller share of gross national pro- 
duct than any of the other countries, but is in the 
lead on Government spending and in the first 
three on consumption. Lt must be remembered 
that defence expenditure accounts for a large 
share of Government spending. This explains 
to a great extent the favourable position of 
Germany, Italy and the Scandinavian countries 
which all have small defence budgets. 

The survey shows that there are big differences 
in consumption patterns between the countries 
examined. The share in the following product 
groups in total consumption was higher in almost 
all European countries than in the United States 
of America: housing, household and personal 
services (except Norway), public transport ser- 
vices, alcohol (except Norway and Netherlands), 
recreation and entertainment (except Norway), 
health (except Italy) and education. Americans 
spent more on household goods, purchase of 
transport equipment, operation of transport 
equipment, and communication services. 

The survey contains a number of calculations 
on different bases of gross national product of 
the countries concerned. The United Kingdom 
comes at the head of the European countries in 
each case but whatever the basis of calculation 
the gross national product of the United States 
is always from four to five times greater. 





Germany | Italy 
' 
U.S. price weights* 
97 104 92 97 97 
| 119 | 86 | 109 121 97 
| 91 Ss | wa | 86 86 
European price weights* 
96 105 90 95 100 
133 98 131 132 104 
63 81 93 | 77 87 


* U.S. share = 100 


DIVIDING THE GERMAN NATIONAL INCOME 


The beginning of the year in Germany has been 
the occasion tor a round of conference speeches, 
radio talks and newspaper articles by employers 
and trade unionists. The themes are not 
unfamiliar to British readers. The trade unions 
want a bigger slice of the cake. The employers 
want the chance to make a bigger one. This 
oratorical cake making is going on against a 
background of rising employment and shorter 
working hours. The average industrial worker 
to-day can earn enough in 54 hours to buy goods 
that would have taken 84 hours work in 1950. 
Half Germany’s manual workers have a 45 hour 
week. Compared with most other west Euro- 
pean countries Germany has enjoyed peaceful 
labour-management relations. This era of tran- 
quility is said to be coming to an end however. 
Herr Willi Richter, President of the D.G.B., the 
German equivalent of the T.U.C., said in a New 
Year radio message that although living standards 
had risen, the increase in the national wealth had 
not been evenly distributed. In view of recent 
price increases German workers had no option 
but to demand higher wages and better pensions. 
Otto Brenner, President of the 1.G. Metall Union, 
which secured a big wage increase in the autumn, 
said that unions should fight to get as much as 
they can for their members and not be guided by 


what he called the “still fictitious common 
interest.” 

The employers’ views have been put forward 
at the annual conference of the B.D.A., the top 
organisation of German employers. Produc- 
tivity in real terms was stated not to have 
increased since mid-1956. If inflation was to be 
avoided production would have to rise without 
increases in wages or social service costs. The 
idea of persuading workers to invest their savings 
in industry was urged as a “ very sound social 
objective.” Better mediation and conciliation 
procedures were said to be urgently needed and 
strikes should not take place until all other 
methods of reaching agreement had been tried. 
Dr. Paulssen, President of B.D.A., said that 
while it was only natural for trade unions to 
fight for the rights of their members, there was a 
wide range of subjects on which it should be 
possible to get agreement through high-level 
round-table discussions. Since this speech was 


made, a series of talks has been arranged on 
subjects on which B.D.A. and the trade unions 
are deeply interested including workers com- 
pensation, price policies, the length of the 
working week, and the European Common 
Market. The prospects for a better division of 
the German cake look reasonably bright. 
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Metals and Materials 


PICKLING EIGHT TON 
STEEL CASTINGS 


jn order to provide facilities for the pickling of 
large castings, David Brown Industries Limited, 
Foundries Division, Penistone, Sheffield, have 
designed and built the installation shown in the 
accompanying illustration. The two tanks, seen 
side by side, and a neutralising sump, are served 
by a two-way reversible pump which is capable 
of effecting the complete transfer of the dilute 
hydrochloric or sulphuric acid used in some 
five minutes. By means of heating elements, 
the acid solution, the strength of which is norm- 
ally about 10 per cent., is maintained at a tem- 
perature of about 60 deg. C. for some two hours. 

While the pickling process is proceeding, cast- 
ings are placed ready for treatment in the second 
tank, thus ensuring that the flow of operations is 
continuous. lt is stated that it is only necessary 
to dispose of the acid at infrequent intervals and 
that this is effected after a neutralising lime 
solution has been added. 

It is anticipated that the largest of the com- 


A cast-steel turbine case 
being lowered into one 
of two new acid pickling 
tanks installed at the 


Penistone Works, 
Sheffield, of David Brown 
Industries Limited, 


Foundries Division. 


pany’s castings to which the pickling process 
needs to be applied are the half turbine casings, 
weighing up to eight tons, for which orders are 
in hand for steam and atomic power stations. 


ELECTRODES FOR GOUGING AND PIERCING 


A novel type of electrode designed for cutting 
grooves, gouging, piercing or removing rivets or 
surplus metal has been introduced by the Welding 
Electrode Division of the English Electric 
Company, Limited, Clayton-Le-Moors, Accring- 
ton, Lancashire. The electrodes are stated to 
be equally effective on all steels, cast iron and 
non-ferrous metals. Known as ‘Groovees,” 
the electrodes can be employed with alternating 
or direct current welding plant without additional 
equipment such as oxygen or air supplies. 
The electrodes are available in two standard 
sizes, namely, Nos. 10 and 8 s.w.g. It is empha- 
sised that they leave a clean scale-free surface 
which requires no further preparation before 
re-welding, and that, as the electrodes contain 
a steel wire core, there is no chance of carbon 
pick-up. 

For cutting grooves, the electrode is held at 


an angle to the work surface, pointing in the 
direction of travel. After an arc is struck, the 
electrode is moved rapidly along the line to be 
gouged and the “force” of the arc cuts the 
groove and removes the molten metal, giving 
a clean bright finish. 

For gouging out defects in castings, a series of 
overlapping grooves are cut in alternate direc- 
tions making it possible to remove a defect of 
considerable depth as well as those that are 
confined to the surface. 

When piercing holes or removing rivets, the 
electrode is held perpendicular to the work- 
piece and the arc struck and held until the metal 
flows. The electrode is then moved into the 
molten pool. With manipulation, holes up to 
} in. in diameter can be pierced in plate up to 
4 in. thick, and rivets removed from much 
thicker plate. 


EXTRA-WIDE ALUMINIUM PLATE 


A new product, namely, aluminium plate in 
widths up to 11 ft., has now been made available 
in this country by the Northern Aluminium 
Company Limited, Banbury, Oxfordshire. The 
material is produced by butt-welding two plates 
together and has been developed to overcome 
limitations of rolling equipment which, in the 





Examples of the new wide aluminium plate, 

available up to 11 ft. in width, developed by the 

Northern Aluminium Company Limited. Made 

by automatically butt-welding two plates in a 

Special jig, a high degree of strength and flatness 

is obtained. The weld bead is ground flush with 
the surface. 


past, have restricted aluminium plate to widths 
of 7 ft. or less. 

It is pointed out that the welding is carried out 
automatically in a special jig, and that techniques 
have been developed for individual sizes and 
gauges of plate which ensure that no distortion 
occurs. The weld bead is ground flush with the 
surface and it is considered that the resulting 
wide plate is comparable in appearance with 
normal rolled material. 

Mechanical tests have been conducted, across 
the weld in plates, to British Standard 1477: 
NP5/6, the specification covering an alloy 
frequently chosen for welded aluminium plate 
work. Typical results quoted give a 0-1 per 
cent. proof stress of 8 tons per sq. in. (this 
figure being identical with the minimum deman- 
ded of unwelded material by this specification); 
an ultimate tensile stress of 16-3 tons per sq. in. 
(compared with the 17 tons per sq. in. specified), 
and an elongation, on 2 in., of 11 per cent. 
(compared with 12 per cent.). 

It is considered, therefore, that for most 
purposes, the presence of the weld ** need hardly 
be considered,” and that shipbuilding, chemical- 
engineering, road-vehicle and railway goods- 
wagon designers will no longer be hampered 
by the limitations imposed by small plate 
sizes. 

In the usual alloys and gauges chosen for 
welded aluminium equipment, plate can be 
supplied in sizes measuring up to 30 ft. long, 
by 11 ft. wide. 
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MAN-MADE FIBRES 
DO MECHANICAL WORK 


High polymers are not new; rubber and celluloid 
were discovered in the Nineteenth Century, 
but the systematic search for new materials of 
this kind for specific applications is a much more 
recent development. In the course of his 
Kelvin Lecture, on the ‘* Chemical Structure of 
High Polymers and their Physical Behaviour,” 
at the Institution of Electrical Engineers, on 
February 6, Sir Harry W. Melville, K.C.B., 
F.R.S., Secretary of the Department of Scientific 
and Industrial Research, said that there was 
now beginning to emerge sufficient knowledge to 
approach the problems of relationship between 
properties and chemical constitution in a manner 
much less empirical than had been possible even 
20 years ago. 

One of the most interesting kinds of synthetic 
fibres was one resembling animal muscle in 
mechano-chemical behaviour. In other words, 
as a result of chemical reaction, mechanical 
work could be obtained directly from such a 
system. The precise chemical structure of the 
fibre was not known but it was made by mixing 
high polymer molecules containing acid groups 
(COOH) with those containing alcohol groups 
(OH). The mixture, each component of which 
was soluble in water, could be drawn into 
fibres. These fibres, when heat-treated, became 
insoluble in water owing to the production of 
cross links of the ester type formed by the 
introduction of the COOH and OH groups. 
These “ion-exchange fibres’? were in effect 
solid acids and they could be made to contract 
when in contact with one type of solution and 
expand when in contact with another, thus 
performing mechanical work. 

The actual efficiency of this mechano-chemical 
system was very low—about | per cent. No real 
attempt had yet been made, however, to obtain 
the optimum from such fibres for this kind of 
engine and no doubt a much better performance 
could be achieved by such an effort. After all, 
concluded Sir Harry, the first steam engines had 
not been very efficient and even to-day the modern 
railway locomotive operated at an efficiency of 
only about 5 per cent. 


METALLURGICAL TRANSLATION 
SERVICE 


The Iron and Steel Institute, in collaboration 
with the British Iron and Steel Research Asso- 
ciation and a number of firms in the iron and 
steel industry, are now operating a co-operative 
translation service. Once a fortnight a list of 
the translations available are issued giving details 
of the authors, titles, sources and prices of the 
translations. Persons interested should com- 
municate with the secretary of the Institute, at 
4 Grosvenor-gardens, London, S.W.1. 
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Book Reviews 


WELDING IN THE USS.A. 


Welding Handbook. Part 1: Basic Principles and 
Data. Edited by ARTHUR L. PHILLIps. Fourth 
edition. American Welding Society, 33 West 
39th-street, New York 18, N.Y. (9 dols.); and 
Cleaver-Hume Press Limited, 31 Wright’s-lane, 
Kensington, London, W.8. (72s.) 

The American Welding Society have now 

published the first of five parts which together 

will make up the fourth edition of their Welding 

Handbook. The previous third edition ran to 

some 1,650 pages and was already too heavy and 

too large. The decision to subdivide the hand- 
book into separate volumes has been dictated 
not only by avoirdupois but because of the 
rapid development of welding technology. Any 
text-book published on welding to-day is bound, 
in some respects, to be out of date. The American 

Welding Society and the committees which 

prepare the separate chapters have therefore 

decided to engage in a continuous activity 
similar to that of the painters of the Forth 

Bridge. One part of the handbook will appear 

in each of the five successive years and then in 

each succeeding year each volume will be 
revised in turn. 


FROM BABYLON TO WHITE 


Rockets, Missiles and Space Travel. By WILLY 
Ley. Chapman and Hall Limited, 37 Essex- 
street, London, W.C.2. (50s.) 

This third edition of Mr. Ley’s book has been 

completely overhauled since the previous—1951 

—edition, and inevitably it is still behind the 

times as, when it went to press in March last 

year, the launching of artificial satellites into 
space was still a future project—and little was 
known about Russia’s plans in this field. In the 
foreword to the previous edition, Mr. Ley 

remarked that if his book became obsolete a 

few years hence, he would indeed be a happy 

man; it seems probable that, for the next few 
years, he will have every chance of increasing 
happiness ! 

Rockets, Missiles and Space Travel surveys 


COMMITTEES AND CHAIRMEN 


Few scientists relinquish the laboratory for the 
committee room; but there is an increasing need 
that they should do so. As the scale of technical 
development grows, so closer co-operation is 
called for between scientist, engineer, economist, 
and administrator. Accounts of this kind of 
co-operation are valuable, and for this reason we 
are glad to publish this extract from the auto- 
biography of Sir Robert Watson-Watt. Chapter 73 
of Three Steps to Victory contains, as the author 
puts it, ““a few collector's items” from his 
** catalogue of committees and chairmen.” 


It will not have escaped the notice of those who 
have travelled this road with me that I have 
had much to do with committees, and con- 
sequently with their chairmen. There was, 
indeed, a time fairly early in my career, when 
I found myself in membership of some 42 com- 
mittees, and in the chair of some of them. 
Whether one shares the view of committees 
expressed by one of my subsequent masters or 
my view, depends on whether one fears one will 
emerge with the lowest common denominator 
or hopes for the greatest common measure. 
That, in turn, depends very much on the chair- 
man. lt is for such reasons that I look again 


The fourth edition, like the third, is a book 
of reference and some of the most valuable 
pages are those containing tables and charts. 
It is often astonishing to those unfamiliar with 
the subject to realise the large number of 
variables involved in welding: the considerable 
number of processes, the many metals and 
alloys, and the widely different service conditions 
and levels of quality and cost. For example, in 
a series of tables which extend over 44 pages, 
the composition of over a hundred different 
steels are given, together with information on the 
heat treatment, before and after welding, and 
the type of electrodes to be used. 

The first two chapters deal with several 
hundred standard welding terms and a series of 
useful engineering tables. The properties of the 
principal metals and alloys and the effects of 
welding them occupy over 100 pages. Even so, 
the light alloys of aluminium and magnesium, 
which have received considerable research 
attention in the United Kingdom over the past 
few years, are dealt with rather more briefly 
than their difficulties and potentialities warrant. 

A topic which has grown in understanding 


SANDS 


the development of rocketry and astronautics 
from the days of ancient Babylon, through the 
formation of the German Rocket Society in the 
late nineteen-twenties, the work at Peenemunde 
before and during the second World War, and at 
White Sands since the war, to the accomplishment 
of sending rockets into cosmic space and finally, 
to the possibilities of space satellites and the 
man-carrying spaceship. The last five chapters— 
from Peenemunde onwards—have been com- 
pletely re-written in the light of further know- 
ledge. Mr. Ley himself became _ intimately 
concerned with space-flight during the nineteen- 
twenties and has remained so ever since; and, 
as soon as he touches on his own experiences, 
the book (well-written throughout) springs 
vividly to life. 


By 


over my catalogue of committees and chairmen, 
to pick from it a few collector’s items for 
display. 

I refuse to bring out from the discard the 
many committees which are mere trompes. 
A despotic chairman, a cunning secretary, a 
crafty manipulator not even in membership, 
can dangle a marionette committee so that he 
makes the decisions and it takes the blame—or, 
less frequently, the credit. (It was a very wise 
Secretary, Air Ministry, who said, “* There is 
nothing a determined man cannot accomplish 
if he will allow others to take the credit.’’) 
Such exhibits are interesting, but they are not 
for the true amateur of committees. Nor 
do I admit the packed committee of another 
kind, where a tense minority strains every 
muscle to prevent anything at all happening. 
L am concerned with the committee as a means 
of having something well and timely done, not 
in despite of honest differences of view, but 
because of them; that each may refine the 
thought of every other; that the opposition may 
strengthen, in the event, the decision reached by 
the majority. Without committees, there is no 
democracy; without committees, not wisdom 
but prejudice prevails. 
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since the publication of the third edition js that 
of brittle fracture and the ability of steel to 
resist this often catastrophic form of failure 
A rather fuller treatment could have been 
justified. The heat treatment of welded Pro- 
ducts, on the other hand, receives fulsome cop. 
sideration. 

A chapter is devoted to cost estimating by 
the methods put forward have repeatedly been 
shown to be inaccurate and inadequate. Much 
recent work done in the United Kingdom js 
ignored and no reference is made to shop 
studies of time and technology variables such as 
the weld-joint volume. Chapters on the design 
of welded joints, inspection of welding, mech- 
anical testing of welds, statistical control of 
weld quality and safe practices are also in. 
cluded. 

The potential readership is the heterogeneous 
body of engineers and metallurgists such as 
comprise the membership of the Institute of 
Welding in this country. It should also be read 
by designers of metal products. Most of these 
readers will be able to understand most of the 
book, though the more practically minded may 
find some of the diagrams and _ formulae 
indigestible. As a work of reference it is en. 
hanced by the good index provided. 

The. book is American and owes little to 
European sources. This is immediately evident 
in the bibliography in which little reference is 
made to European work. It is essentially written 
for the home market and one wonders whether, 
in this field as in so many others, an opportunity 
for Anglo-American co-operation has not been 
lost. The book could be translated to conform 
to British standards, material specifications, 
etc., and to give references to readily-available 
British journals. European work could be 
injected, and British and American editions 
published side by side, with much material in 
common. _ Instead, the Lnstitute of Welding is 
producing its own series of handbooks in this 
country. 

The high price and the United States slant 
will weigh in the balance against a sound and 
comprehensive technical source of reference, for 
some private readers. It will, however, rightly 
find its place on most public, college and company 
library shelves, forming, with its four fellows to 
come, a complete work of reference. 


Sir Robert Watson-Watt 


I cannot here examine individual committees 
independently of their chairmen, for it has 
been my fortune to sit as a member of committees 
which L cannot visualise without their almost 
predestined chairmen, Max Beaverbrook, Stafford 
Cripps, Clement Attlee, Winston Churchill. 
Is the order of these names significant, you ask? 
Indeed it is, for it is in ascending order of quality 
as chairman. Max will, I imagine, be happy to 
be on the lowest rung of this particular ladder; 
he is proud of despising committees; his con- 
tempt was doubtless the reason for the contrast 
between Max as Minister and Max as Chairman. 
In part the effect was in the observer's mind. 
Max the Chairman still looked like the other 
Max, but did not sound like him, the resemblance 
intensified the contrast. Max subdued, restrained, 
listening rather than talking, was out of drawing. 
In the nearest approaches to a two-man inter- 
view—when the next half-dozen were at the 
other end of the room or even in the intermediate 
office—he was always inspiring, he breathed 
fire into the most fireproof of nostrils. If he 


did not inspire to co-operation, as he usually did, 
he inspired to indignant, vigorous and voluble 
dissent—as for example in the case of Robert, 
In committee the interchange 


the radar rabbit. 
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was as flat as the committee table. The work 
was done after a fashion, but of a listlessness. 
He who condemns committees should not 

— was an emotion first and an_ intellect 
just afterwards; Stafford was an intellect first 
and last in his public relations. Neither the 
true Max nor the true Stafford was visible in 
the committee room. Low compressed a very 
large fraction of Max into his diminutive demon; 
he left only a caricature of Stafford in his 
caricature. Nothing even in committee work 
could dull the keenly penetrating, acutely 
analytical, economically selective mind of the 
great lawyer who had been a research chemist. 
So the truth was in satisfying measure brought 
out in the committee, the logical conclusion was 
reached, the sound course of action evolved and 
recognised. Yet the warmly human, quietly 
humorous, friendly Stafford escaped the com- 
mittee room as he escaped the cartoon. Stafford 
achieved a good deal more in committee, L think, 
than did Max, but the emotional temperature in 
the committee room was too low in both cases 
to bring the fragile seedlings of action to quick 
and vigorous growth. 

I never sat in a large committee with 
Clement Attlee. In the small ad hoc conference 
he was devastatingly effective. He was allergic 
to red herrings, impatient of departmental 
loyalties when they induced myopia or strabismus, 
of tactical obsessions which obscured strategic 
necessities. His conferences were models of 
judicial inquiry in quick tempo; it was always 
clear that no court of appeal could do better— 
and that it did not exist! Clement Attlee the 
Minister would have been fortunate to have had 
Clement Attlee as the highest administrator in 
his department ! 

My regular attendances in the Cabinet Room 
at No. 10, or in the subterranean fortress at 
Storey’s-gate, were in the Anti-U-boat Com- 
mittee and the Night Air Defence Committee, 
over both of which Winston Churchill presided 
unless he was out of the country. The Anti- 
U-boat Committee was the more dramatic, the 
more frightening, the more fascinatingly diversi- 
fied in its composition We fell, without explicit 
arrangement, into the habit of having a scarcely 
varying seating plan. The Prime Minister sat 
in the Prime Minister’s chair, at the mid-point 
of that side of the long Cabinet table which 
presented his back to the fireplace, familiar in 
pictures of the Cabinet Room. In front of him 
was a battery of cigars of different calibre, on 
his right the Secretary of the Committee, farther 
right Stafford (Deputy Chairman), then Linde- 
mann and, at the far right end of the table, 
Ernie Bevin, Minister of Labour. On_ the 
Prime Minister's left was Averill Harriman; on 
his left in turn, was, for some obscure reason, 
myself; on my left Oliver Lyttelton. The wings 
of the conference table were the embattled 
preserves of Admiralty on the left and Air 
Ministry on the right. There were times when 
it seemed to be a matter of wise planning that 
there was a wide vacant space between these 
two heavily armed forces, a demilitarised zone 
across which we could look out on the peace of 
the walled garden of No. 10. 

| have commented earlier on the Chairman's 
habit of addressing Archie Sinclair, facing him 
from opposite right, as if he were still talking 
to the Parliamentary Secretary of their earlier 
days together. There was an_ indefinably 
Churchillian air of conscious seniority, without 
condescension or 


repression, which Archie 
accepted without discomfort, and with firm 
departmental strength when necessary. Much 


more amusing, to the fortunate onlooker from 
behind the radar frontier, was the attitude of 
the former Naval Person to the present naval 
personnel. It would come too near /ése-majesté 
'o talk of poacher turned gamekeeper, but the 
ex-First Lord clearly knew every weapon in the 
departmental armoury of the Admiralty, and 
replied to single shot or salvo with heavier 
founds of similar yet stronger metal. The 
Silent Service was not silenced, but its defences 
were probed relentlessly, and every breach 


widened by renewed bombardment. I doubt 
whether it was really complimentary to the 
Royal Air Force that it seldom came under 
anything heavier than 8 inch fire; the 16 inch 
salvos were at least a mark of consideration, if 
not wholly of respect. 

Lord Leathers was invariably heard with 
respectful attention and appreciation. Of all 
the Committee, however, Ernest Bevin was the 
man who could most explicitly tell the Prime 
Minister that he was wrong, and have his opinion 
accepted almost without question. When 
greatnesses meet, courtesies are exchanged; 
the recognition signals were subtle but un- 
mistakable. 

There was little for laughter in the Anti- 
U-boat Committee. The long-drawn relentless 
tragedy might be compressed into frigidly 
statistical settings, but it was neither concealed 
nor dehumanised by them. Nor, happily, 
could those who had the leading roles be de- 
humanised, even by their burden of responsibility 
for present lives and future living. So, once in 
a while, we would laugh a little at ourselves, as 
if to persuade ourselves that nothing was there 
for tears. It was not, indeed, within the Com- 
mittee, but in an ad hoc conference which included 
Dr. Vannevar Bush, sent to us on a special 
mission within the anti-U-boat war, that L most 
earnestly wished that one of the Fuehrer’s most 
earnest agents might have come upon us in the 
midst of our most earnest concentration. He 
would have been taxed to the limit to explain, 
first to himself, and later to his master, the inner 
meaning of the scene. Lindemann, Henry 
Tizard, and a round half-dozen ornaments of 
defence science sat at the feet of our great 
American colleague, intent on learning from him 
how to defeat the legerdemain of a trick involving 
a box of matches—Operation Lucifer, | suppose. 

The sage who remarked that “ one touch of 
nature makes the whole world kin” would have 
felt confirmation in the silent wave of unanimity 
which rippled over another ad hoc conference. 
It was one in the series which the irreverent 
called “‘ The Midnight Follies.” Refreshed by 
the ‘shut-down job” of his afternoon sleep, 
the Prime Minister would gather us into the 
deep shelter of the underground cabinet offices, 
this time for a discussion on what we might 
expect the V2 weapon to mean to us when at 
length it came to be unleashed against us. 
We assembled about 10 p.m. Midnight had 
struck and the discussion had gone further, 
when General Smuts, in a still small voice, 
said “* Mr. Prime Minister, | am accustomed to 
going to bed at 10 o'clock.” The debate did 
not long continue. 

In the Anti-U-boat Committee itself | had 
a private high moment. We usually met at 
6 p.m. and at about eight-fifteen one evening, 
Oliver Lyttelton put into my hand a slip of 
paper, with a gesture indicating that I might 
read it before passing it, behind the intervening 
backs, to our distinguished vice-chairman and 
to the colleague on his right, who shared his 
dietetic though not his political convictions. 
The note read, simply “ Time for beetroot, 
boys.” 

For me, the enduringly vivid memories of this 
Committee are not the frightening tables of 
sinkings, the reassurances about building and 
repairing schedules, the manpower plans of 
Ernest Bevin, the succession of measure and 
countermeasure in the fields of tactics and 
techniques. They are of an endearingly human 
trait in our almost superhuman leader. I watched 
in appreciative fascination to see him gathering 
up mentally the main threads in the fabric of 
debate, and—if I may be forgiven another 
crashingly mixed metaphor—rolling on_ his 
tongue the pattern which they made for him. 
For perhaps ten seconds one would wait, then 
the merest flicker of an uncompleted smile, 
and the perfect summarising phrase emerged as 
our guide to action. This was an outward and 
visible sign of that Churchillian magic, which 
spanned the stone age and the mid-twentieth 
century, to avert some, at least, of the horrors 
of “*a new Dark Age.” 


On the Shelf 
By Frank H. Smith 


It is, L think, generally accepted that manage- 
ment, as a science, is recognised to a greater 
extent in the United States than it is in this 
country. One of the developments in_ this 
direction is the 12-month Sloan Fellowship 
programme at the Massachusetts Institute of 
Technology. Under this, 34 of the country’s 
most promising young business executives are 
selected from employers’ nominees and they 
receive Fellowships to help meet the cost of the 
year’s study. This can lead to an M.Sc. in 
industrial management. In addition to the 
awards, each candidate is promised financial 
support for the year from his employer. The 
scheme has been going since 1931 and has proved 
an unqualified success. The course covers such 
subjects as marketing and production, economics 
and finance, and industrial relations. During 
the year, students visit industrial centres. Ages 
range from 30 to 37, and students already have a 
record of some success in their own fields. 
Their families move with them to Boston for the 
year and the wives have an opportunity of 
sharing some of the activities of their husbands, 
thus acquiring the atmosphere of the men’s 
business career. A business administrator can 
gain a great deal of help from an understanding 
wife and this last point is an indication, to my 
mind, of how thoroughly the Americans appre- 
ciate the whole business of management. 

The Douglas Aircraft Company, Santa Monica, 
California, U.S.A., is unique among aircraft 
firms for the technical reports which it issues in 
numbers almost as large as do Government 
departments. They have just issued a list of 
their latest aerodynamic research series and it 
fills just over nine pages of typescript. It would 
be a ghastly thing were all aircraft firms to issue 
reports at this rate, but that fact does not detract 
in any way from the value of the Douglas gesture. 

When I get depressed (and the occasions get 
more numerous as my youth recedes farther 
away) I try to cheer myself with the picture of a 
Lone Reader who is 100 per cent. sympathetic to 
me. He chortles at my funny (sic) bits and 
waxes indignant when L use my watered vitriol. 
L wonder how he felt when he read Mr. Speeck- 
aert’s letter to the Editor in ENGINEERING of 
January 17 on my “ reduction-of-conferences 
campaign?’ My own feeling was that Mr. 
Speeckaert had not quite got my point. IL do 
not want only to avoid duplication of interests. 
I want to reduce the actual number of confer- 
ences. | have just received the Engineering 
Institutions and Professional Bodies Calendar of 
Events from the Institution of Production 
Engineers and it is positively frightening. With 
an average of 20 meetings per foolscap page 
there are 14 pages to cover the year. Page 7 
covers just May 15, 16 and 17 with eight, ten and 
five meetings respectively. My mind is simply 
past boggling. I’m boggle-bound. 

Even my old friends Aslib are jumping on the 
band-wagon and organising one-day conferences 
on all sorts of subjects. On March 5 there will 
be a “Scientific and Technical Translation 
Conference’ and particulars are obtainable 
from 4 Palace Gate, London, W.8. Much of 
this conference arises from the Unesco report 
Scientific and Technical Translating and other 
aspects of the Language Problem, obtainable. 
price 20s., from H.M. Stationery Office, 

1 must plead carelessness in proof-reading and 
the mistake has been picked up in the Engineering 
Societies Library in New York. On January 17, 
I gave, as the price of their Bibliography No. 12 
on Adhesive Bonding of Metals, 12 dols. This 
should be 2 dols. I hope this correction will 
correct any falling off of sales that our American 
friends may have experienced. 

The North Holland Publishing Company, 
Nieuwe Zijds-Voorburgwal 68-70, Amsterdam- 
C., announce that the Proceedings of the Rehovoth 
Conference on Nuclear Structure 1957 are obtain- 
able for 90s. I find that Rehovoth is in Israel. 
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GAS-TURBINE REGENERATOR PERFORMANCE 


By P. Fortescue, PH.D., B.SC., 
and D. V. Wordsworth, B.SC. 


A nuclear reactor system that offers considerable promise for the future is 


How Choice of Working Fluid Affects Regenerator Size~ 
A Factor in the Design of Gas-Turbine Plants for 


the very high temperature (VHT) reactor from which the coolant gas 


passes directly to a gas turbine. 
both turbine and reactor. 


Introduction 


As an aid in securing high thermal efficiency 
from gas-turbine plants, use is frequently made 
of a heat exchanger, whereby the turbine exhaust 
heat is used to preheat the combustion gas. 
Thermodynamically, this is a step that raises 
efficiency because the heat is then taken into the 
cycle at a more nearly constant temperature, and 
the exhaust is cooler. Also, the value of com- 
pression ratio giving optimum efficiency is 
reduced, which can have practical advantages. 

However, the practical utility of this scheme 
depends very much on the cost and space 
occupied by this heat exchanger, bearing in 
mind that quite small pressure losses in the 
latter could easily wash out the thermal gains. 

Although the design of suitable heat exchangers 
for particular applications is a straightforward 
matter, the very large number of design variables 
involved tends to obscure the issue somewhat, 
so that it becomes difficult to distinguish between 
fundamental limitations, and restrictions imposed 
by particular design requirements. At best, this 
situation results in expenditure of considerable 
trial-and-error computation to arrive at effective 
compromise, and at worst it can lead to poor 
overall performance resulting from inept choice 
of specification. 

For these reasons, it was thought worthwhile 
to see if the subject could be treated in a really 
general way, so that the influence of such imposed 
design requirements as the nature of the working 
gas, and the volume and shape of the total space 
available, could be isolated from effects attri- 
butable merely to particular design peculiarities. 
Further objects were to see if any simple rules 
for optimisation for a particular set of con- 
ditions emerged, and to provide a basis for rapid 
evaluation of plant performance in the tentative 
design stage. 


Simplifying Assumptions 

To wind up with any clear and simply 
expressible result from an inquiry as general as 
is needed, certain restrictions must be made on 
the model taken for analysis. Clearly, the model 
taken must remain a realistic approximation of 


The gas flows in a closed circuit embracing 
The performance of such a system will depend 
on the inclusion in the circuit of an efficient heat exchanger or regenerator, 
an item which has been the subject of much study and debate. 
size is a major consideration, particularly in the application of nuclear 
power to aircraft propulsion, and the present article seeks to show how the 
bulk of a regenerator is affected by the choice of working fluid. The 
article reaches completely general conclusions about heat-exchanger sizes. 


Regenerator 


Division at the 


what might in fact be built, but features which 
would greatly complicate the issue while pro- 
ducing only second-order effects are best 
omitted. In this category, we eliminate entry 
and exit effects, and assume equal mass flows 
and specific heats on both sides of the exchanger. 
To simplify the mathematics, we restrict ourselves 
in the present case to the use of primary surfaces 
only, and we neglect the small temperature drop 
through the metal. The effect of tube wall 
blockage is, however, allowed for. 

We retain complete generality in the matter 
of the shape of cooling passages, results being 
applicable to either tube or plate constructions, 
and assume only that the surfaces be smooth 
and that a counter flow configuration be adopted. 
Compressibility effects are neglected, pressure 
drops being calculated at mean hot and cold 
densities, respectively. Fully developed turbulent 
flow is assumed, this being the normal condition 
for all practical steady-state gas-turbine heat 
exchangers. 


Choice of Parameters 


The whole secret of successfully simple presen- 
tation of results in a case like this rests in the 
selection of the most appropriate operating 
parameters. The general idea is to show how 
the overall size and proportions of the required 
heat exchanger are affected by the requirements 
of the rest of the plant, when the internal con- 
struction of the heat exchanger is optimised for 
that set of conditions. Rules for this optimisation 
are of separate interest, but the main object is 
to show the limits of what can be done in a given 
space. 

A particular problem lies in choosing the best 
way of incorporating the pressure-drop character- 
istics into the results in a way that facilitates the 
treatment, and at the same time yields a result 
of direct interest to the plant designer. 

So far as the rest of the plant is concerned, 
the separate hot- and cold-side pressure drops 
are not in themselves so interesting as the sum 
of the pumping power losses that these represent. 
We can imagine a real heat exchanger with 
losses, as being equivalent to an ideal one with 





NOMENCLATURE 


a = Total cooling surface 
= Total frontal area 
Cy = Specific heat per mole at constant pressure 
Cy = Weight specific heat at constant pressure 
d, = Cold-side hydraulic diameter 
= Hot-side hydraulic diameter 


a 
hp = hoct hou 
Aye = Cold-side pumping power 


Ap = Hot-side pumping power 
H = Total heat transferred 


f = Friction factor = ( 


Ky, = Stanton number = (y e mi) 
1 = Passage length 

M = Molecular weight 

= Cold-side pressure drop 

AP, = Hot-side pressure drop 
P, = Mean cold-side pressure 


Qy Total heat-source input 
R Universal gas constant 


Re Reynolds number (° Y “) 


At At, + Aty 
At, Cold gas to wall temperature difference 
Aty Hot gas to wall temperature difference 
AT Heat-source temperature rise 
Te Mean cold-side temperature (abs.) 
V. Cold-side mean velocity 
WwW Mass flow 
x = Cold-side free-area ratio 
y = Tube wall blockage ratio 
« = Ratio of mean cold- to hot-side densities 
y Ratio of specific heats 
€ Thermal ratio = 0/(6 + Ar) 
@ = Cold- or hot-side gas temperature rise 
m Viscosity 


Cold-side mean density 
Pu Hot-side mean density 


> 


High-Temperature Nuclear Reactors 


One of the authors, Dr. P. Fortescue, is well-known for his work at 
Harwell on the very high temperature reactor and also on the performance 
of gas turbines. Reference to the VHT system was made in ENGINEERING 
vol. 182, page 725, 1956, and on January 10 this year (page 41), Dr. 
Fortescue is now on extended leave to the General Atomic Division of the 
General Dynamics Corporation. 
who has also worked on the VHT system, is a member of Reactor 
Atomic 


His co-author, Mr. D. V. Wordsworth, 


Energy Research Establishment, Harwell, 


no pressure drop, plus a pair of imaginary 
blowers providing these pressure drops. The 
total power required to drive these is the measure 
of the effect of these losses, and in an optimised 
heat exchanger, hot and cold free-area ratios are 
adjusted to minimise the total loss. Using total 
pumping power loss, instead of an effective 
pressure drop, avoids misleading conclusions 
where different gases are compared, for pressure 
drop alone is a criterion of loss only where 
volume flow rate is unchanged. 

With the simplifications already mentioned, 
three parameters only are sufficient completely 
to determine the influence of the heat-exchanger 
matrix construction geometry on performance. 
The particular quantities, taken as being most 
convenient, are the cold-side free-area ratio, 
the total frontal area, and the wall blockage 
expressed as a fraction of this. The internal 
gas to gas temperature difference (constant with 
counter flow) is specified in terms of the corre- 
sponding thermal ratio, which is the parameter 
normally employed in cycle calculations. 


Analysis 

Consider any type of primary surface heat- 
exchanger matrix, designed to operate in counter 
flow between fluid streams of equal mass flow 
and specific heat. Apart from being closely 
representative of conditions in any gas-turbine 
regenerator, this restriction greatly simplifies 
analysis, for the temperature difference between 
the two fluids and their separating wall is then 
constant—a condition desirable on _ thermo- 
dynamic grounds in any heat-exchange system. 

We specify the internal construction solely 
by a “ cold-side ” free-area ratio, x, and a wall 
blockage ratio, y, leaving a corresponding “ hot- 
side” free-area ratio (1 — x — y). We assume 
that no matter what the shape of the surfaces 
used, the heat transfer and pressure drops are 
functions of the hydraulic mean diameters, 
defined by four times the cross-section to peri- 
meter ratio of the respective gas passages formed. 

From the table of nomenclature, we have, 
taking what we will arbitrarily call the “cold- 
side” first, 

Pressure drop: 

AP, =2p-V.2fild.  . . 


(from the definition of friction factor); 
Mass flow: 


W 7 ee / , . (2) 
Total heat transferred: 
H —WC,0—p,AxV,eC, . (3) 


The value of the temperature differences between 
the gas and the local wall (constant with counter 
flow) will be given, from the definition of Stanton 
number, by 


At _ 2 
© peWe Cy Kya aKy © 


The cold-side pumping power is then 
W AP. 2pe-ViflAx 


hye Po d. 


(5) 
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-side hydraulic diameter is 
d.=4Axlla , . (6) 


We also have the Reynolds approximation, for 
smooth surfaces (with Prandtl number in the 
region of unity, as for all gases), 


K. ce . . 7 


Bliminating \P,. W, V,, a, and K,, between the 
above seven independent equations gives 


2 | 
(8) —scer(Me) an. 


Note that / and / have also disappeared in the 
process, having cancelled out. 

Now consider the hot-side, where the free- 
area ratio is (1 — x — y), and the hydraulic mean 
diameter is consequently [4 A (1 —- x — y) //a. 

By the same process as before, we get 


2 h 
(ra) (I “ y)PC,” Py” ( Pt) Ate 0) 


Now the Reynolds number (» V d/n) can, with 
the aid of (6) and (2), be put into the form 
R, = 4W Ila. Since this is independent of the 
voidages, and the other terms are the same for 
the hot- and cold-sides, the two corresponding 
Reynolds numbers must be equal, and indepen- 
dent of x and y. This simplifies matters greatly, 


The cold 





From (13) and (14), the total pumping loss, 


hy = hoy + Ape is given by 
i?) =) S PT 1 _ } 
(i (x 0} Ce, Atlp,2(l—x—y)? pe? x*d’ 


(15) 


putting p, — % p, gives finally 


H y ’ x — y)’ Cas" =) Ar 
Fi 0 a? x? + (1— x — y)® (1— y) (a : 
(16) 


We can now take a further step, and eliminate 
the cold-side free-area ratio variable x, but 
stipulating that it be chosen to minimise the total 
pumping power, for a given thermal performance. 

We have to find the value of x which minimises 
xa x y)® 
"ea x y)" 

Differentiating with respect to x, and equating 
to zero, gives 


the expression 
% 


1 y 
1 + \/ 7 
Inserting this into (16) gives, for the optimised 
matrix, 


H ) (1 y)? 
; f 
A Oop (1 + V2)! 


This equation may be put into another form 


Xopt (I 7) 


/ 
WC, | *) At. (18) 
H 
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(h,/Q,), the thermal ratio « of the regenerator, 
and the heat-source temperature rise A T. 


Passage Dimensions 


We have eliminated the passage hydraulic 
diameters as dependent variables in the foregoing 
analysis because we were interested only in the 
overall performance obtainable from a “ box” 
of given external dimensions. 

When it comes to detail design, the passage 
sizés required are of course of interest. This 
information may be extracted from the previous 
expressions as follows: 


From (4) 
a x 0 
A K,, At,’ 
but from (6) 
a 4xl 
A d, 


So the required hydraulic diameter of the cold- 
side passage is 


d 41K, At, 
0 
which, with (12), becomes 
4l At 
d, Kn . (19) 
(| y)? 


Since x is always greater than unity, the 


Y = Wall Blockage Ratio 





Y +0 a =Cold/Hot Mean Density Ratio 
a 
v awe oil 
D ~~) 
5 3 OF wy 
; P CY 
od ti—————— 
Y=Wall Blockage Ratio 4 
0 I «=Cold/Hot Mean Density Ratio 2 
G ; 3 4 5 6 ~ 5 jo x 
($062 A) ENGINEERING 5 
Fig. | (above) Optimum “ cold-side~ free-area ratio, showing how for 2 
any regenerator the cold-side free-area ratio depends on the tube blockage F 
ratio, and the ratio of the mean cold to hot-side gas densities. This 1, 
optimum provides an allocation of passage areas giving the lowest total = —» 


pumping loss for a given total heat-exchanger 


Fig. 2 (right) 


ratio condition the required heat-exchanger 
free-area ratios are optimised. 


for it implies that K,, and f are also constant 
and the same for both hot and cold flows. 

From (4) Ar, — A @x/a K,, for the cold side; 
correspondingly, At, — A@(1 — x — y)/aK,, for 
the hot-side. Since, A, , a, and K, are the 
same for both sides (for small values of y), 


At, x 


‘ (10 
At, I ee , 
So 
al x y) At 
\t : . i 
e (1 y) : 
MI, i 
a y) 
where Ar At. + At, =[O/e (1 «), where « 


is the thermal ratio. 
From (8) and (12), 


nee <a 
(——) x Cy ve? ( )a »)" (13) 


H 
From (9) and (1 1), 


H \’ 7” h At 
() (l—x vy? Co? ag? (St) - 


(14) 


Effect of density ratio and wall blockage (optimised 
primary surface regenerators), showing how tube blockage and density 
frontal 
(Results expressed relative to basic case.) 0-5 


bulk and performance. 


area when the 


which displays perhaps rather better.the way in 
which the size of the regenerator is related to 
the rest of the turbine cycle parameters. The 
values of H, the heat transferred, and 9, the 
corresponding preheating temperature rise, are 
not of such primary interest as are the net heat 
input to the cycle, Q,, and the temperature rise 
across the heat source, AT. However, with 
the assumed constancy of gas _ properties, 
H/@ — Q,/AT. Also, At is not in itself of so 
much interest as the thermal ratio « of the heat 
exchanger, which is the parameter usually 
employed to specify this quantity. We can, 
however, easily bring this in by the relation 


At 6(1 e)/e. Making these substitutions, 
equation (18) becomes 
(2 ) ral / x)! 
Q, ‘ . h (I €) 
1 2 »,2 3 ») AT? 
(1 — y)? p.2C, (F r— 
(18a) 


This gives the minimum frontal area needed per 
unit cycle heat input, in terms of the quantities 
of most interest—namely, the gas properties, 
the fractional value of the total pumping power 
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optimum value of x (from (17) ) is bound to be 
less than 0-5. This means that where the matrix 
consists of a circular tube nest, the required tube 
diameters will be smaller (and more widely 
spaced) if the cold (that is, high-pressure) side is 
confined within the tubes, and the hot gas 
flows (longitudinally) around the tube inter- 
spaces. The eased tube-plate design, and the 
increased strength of tubes with internal pressure, 
would necessitate this arrangement in practice. 

In this case (19) gives the required tube dia- 
meter. Where flat plates are used, it follows 
from the definition of hydraulic diameter that the 
required cold-side plate free spacing will be 
equal to half d,. 

We can put this expression into a more useful 
if less elegant form by eliminating the term K, 
by incorporating the empirical relation K 
0-028 R, ~**. 


Li 


This gives 
0-112/x At R,~*? 
d, = e—. . (20) 
(1 y)@ 
But 
w Ved, Ww H 
R, = ‘ and V. ‘ 
y pAx C,op-Ax 
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Continuing Design 


So 

H di, 
AO BCX 
combining this with (20) gives 


LAt 0-833 wC,A@ 1/6 
21 
(1 =r ( H ) = 


which is a working expression for the tube 
diameter in terms of known quantities only. 


Heat-Exchanger Bulk 


From the expressions derived so far, a number 
of interesting general conclusions emerge con- 
cerning the influence of operational requirements 
on the bulk and shape of the required heat 
exchanger. First, it will be noticed that the 
length of the heat exchanger does not enter into 
the expressions for the overall performance 
obtainable—meaning that we could, in principle 
anyway, reduce the required total bulk of heat 
exchanger without limit by simply making it 
short. The physical reason for this rather 
surprising conclusion is that although length 
does not affect overall performance, it does 
influence the effective diameter and number of 
the undivided passages required. In fact, from 
(21) it will be seen that to meet a given perform- 
ance specification, the required effective passage 
diameter varies as the length to the 0-833 power. 
Since the total surface carried is proportional 
to d-' 1, this means that this area is only varying 
as the 0-167 power of the heat-exchanger length. 
In other words, a short tube matrix would carry 
only a little less total surface than a long one 
of the same frontal area, so it is not so surprising 
that it should perform nearly as well. That it 
does perform precisely as well is due to the 
improvement in heat-transfer coefficient resulting 
from the lower Reynolds number associated with 
the use of smaller passages. 

The length of heat exchanger employed in 
practice thus needs to be fixed only by the 
manufacturing considerations of limiting the 
number of tube joints to a reasonable figure, 
and the provision of practicable entry and exit 
arrangements. 


Effect of Density Ratio and Tube Blockage 


Fig. 1, which is completely general, shows how 
the optimum cold-side free-area ratio depends 
on the tube blockage ratio, and the ratio of the 
mean cold- to hot-side gas densities. This 
optimum provides an allocation of passage 
areas giving the lowest total pumping loss for a 
given total heat-exchanger bulk, and thermal 
performance. Fig. 2 shows how tube blockage 
and density ratio affect the required heat- 
exchanger frontal area when the free-area ratios 
are optimised. Here, the result is expressed 
relative to the area required in the basic case of 
no tube blockage and equal hot and cold den- 
sities. 

When «, the ratio of densities, is varied from 
unity, it will be noticed that the effect on the 
required frontal area depends on which density 
is kept constant, and three cases are treated: 
constant hot, constant cold, and geometric mean 
density. The figures for constant cold density 
came straight from (18a), the constant hot and 
geometric mean density figures being derived 
from this by dividing by « and +/«, respectively. 

As might be expected, for constant mean 
density, the heat-exchanger bulk is not greatly 
influenced by « in the practical range, but where 
for some reason either the hot- or the cold-side 
density has to be considered fixed, the effect of « 
is considerable. The importance of this will be 
discussed later. 


Different Working Fluids 


From (18a), it will be seen that for a given 
pumping power fraction, thermal ratio, tube 
blockage, and heat-source temperature rise, the 
frontal area required, per unit heat input, is 
inversely proportional to p, C,°?, when «, the 
density ratio, is fixed. 


Now p- = M P./R T,, where P, and T. are 


Ry 


d. = 0-161 x ( 
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Taste lI Relative Frontal Areas Required for Various Gases Taking Helium as Unity 




















Gas 
aetna on —_ — icine a 
Relative heat-exchanger eds 
frontal area required| A | N, He | Steam | co, | CF, | H, | CH, | C,H, | H, | GH 
Gf*c,*'5 .. ion aes eee, eee ee ; | oly 
| r | — 
3-0 | 1-28 | 1-0 | 0-73 | 0-72 0-49 | 0-38 | 0-33 | 0-20 0-154 | 0-088 


the mean absolute pressure and temperature 
on the cold-side, M is the molecular weight and 
R is the universal gas constant. Also, C, = C,/M, 
where C,, is the specific heat per mole. 

For (p- C,*), we may therefore put 
(M-'? C\ 2) (p./RT,). At a given operating 
mean temperature, we can therefore say that the 
frontal area required, per unit heat input, per 
unit ambient pressure, is proportional to 
(M?!? c*). 

The gases requiring least heat-exchanger bulk 
will therefore be distinguished by having a high 
molar specific heat and a low atomic weight, 
the former characteristic being the more impor- 
tant. High molar specific heat being associated 
with increased molecular complexity, we may 
expect to find exceptional performance among 
the higher hydrocarbons, where a large number 
of light atoms are encountered in a single mole- 
cule. Table IL above gives the relative frontal 
area needed for a number of different gases, 
taking helium as unity for comparison. Pro- 
perties are computed at a mean temperature of 
500 deg. C. 

Notice the progressive improvement with 
molecular complexity, and the poor performance 
of argon, which is due to its combination of high 
molecular weight with the low specific heat 
common to all monatomic gases. 

In accepting the above comparison, it is 
important to remember that it is only directly 
applicable where the density ratio « is fixed. 
If we wish to compare the influence of the nature 
of the working fluid on the heat-exchanger bulk 
in the case of closed-cycle gas turbines designed 
for equal over-all thermal efficiency, we must 
remember that « will not necessarily be a constant, 
for choice of gas affects the expansile ratio 
needed. 

This will not, in general, affect the issue much 
if the comparison is to be made at equal mean 
ambient pressure (see Fig. 2), but where design 
considerations limit either the combustion or 
the permissible exhaust pressure, the point 
can become of considerable importance. 

For example, with nitrogen (or air), a typical 
compression ratio appropriate for use with a 
high thermal ratio heat exchanger might be of 
the order of 4. The corresponding adiabatic 
temperature ratio would be 4°”, or 
4'2/Cw and it is this quantity, not the 
compression ratio, which fixes cycle efficiency. 

It follows then that the required compression 
ratio with helium would be 4", where n is the 
ratio of the molar specific heat of helium to 
that of nitrogen. This would reduce the com- 
pression ratio to only 2:36. With carbon 


dioxide, the corresponding figure would be 
10-0 by the same argument. 

Taking « as being equal to the compression 
ratio (true enough for our purposes, where 
thermal ratio is high), we get the comparative 
heat-exchanger area requirements for helium 
nitrogen, and carbon dioxide cycles operated at 
the same thermal efficiency, and power Output 
given in Table IL below. 


TasBLe Il Heat Exchanger Area Requirements for Nitrogen an 


Carbon Dioxide Relative to Helium Case 


Heat-exchanger frontal area 
relative to helium case 
Basis of comparison a 


Nitrogen | Carbon dioxide 
Equal geometric mean 
pressure .. ia so 1-39 0-94 
Equal exhaust pressure .. 1-06 0-455 
Equal maximum pressure | 1-78 | 1-92 


The above figures are derived from Table | 
and Fig. 2, taking a representative tube blockage 
ratio of 0-1. Notice how the picture depends 
so much on which pressure is kept constant in 
the comparison. Where constant exhaust pres- 
sure is maintained, the high compression ratio 
needed, for instance, with carbon dioxide, 
keeps the density up in the charge side which is 
mainly responsible for the low heat-exchanger 
area. Where the charge-side pressure is constant, 
the feature operates in reverse, making the 
exhaust-side density relatively lower than in the 
helium case, and consequently increasing bulk. 


General Conclusions 


A main purpose of the present analysis was 
to determine the influence of gas properties on 
the size of heat exchanger required, and equation 
(18a) expresses this in a rather surprisingly 
simple way. Expressed in the form given by 
equation (18), the result is particularly interesting 
because a rather similar type of analysis of the 
cooling of nuclear reactor cores* has shown that 
a very similar type of expression applies to that 
case, and, in particular, the same gas property 
criterion applies. The tabulations showing the 
quantitative results with different gases are of 
interest particularly because they help to explain 
how widely differing conclusions can be reached, 
depending on which pressure is to be regarded 
as kept constant, in making comparisons between 
cycles of equal efficiency employing different 
gases. 


* P. Fortescue, ‘‘ Coolant Choice for the V.H.T. 
Reactor,” Nuclear Power, vol. 2, No. 17, page 381 
(1957). 


DESIGNING HEAT EXCHANGERS FOR GAS-COOLED REACTORS 


How much the successful design and opera- 
tion of nuclear power plant is dependent on the 
development of auxiliary equipment is well 
brought out in a paper presented to the North- 
East Coast Institution of Engineers and Ship- 
builders by Mr. R. E. Zoller. The paper, 
** Extended Heat Exchange Surface for Marine 
and Nuclear Boilers,” deals with the improve- 
ments made in marine economisers to render 
them suitable for higher steam pressures and 
shows how the experience gained was used in 
designing the heat exchangers for Calder Hall. 

A feature of considerable importance in the 
naval economisers was the provision of an 
extended heating surface consisting of studs 
resistance-welded to 14 in. tubes, and this prac- 
tice has been followed with minor modification 
in the nuclear heat exchangers. This concise 
statement of the position must not, however, 
be allowed to detract from the large amount of 


experimental work which has been done on studs 
of various sizes and sections to give a higher 
fin efficiency and heat transfer as well as a low 
draught loss and greater speed in welding. 

Thus before work was begun on the nuclear 
power stations for the electricity boards a sorting 
programme was undertaken for selecting im- 
proved heat-transfer surfaces; but it was realised 
that none of the surfaces tested showed out- 
standing advantages over the modified studding 
that had been considered for Calder “ B.” The 
studding was more numerous than in Calder 
“A,” and staggered. It was possible that the 
heat-transfer characteristics could not be bettered, 
but the shop and material costs could certainly be 
cheapened. Careful assessment of manufactur- 
ing, transportation, and erection costs of the 
complete heat exchanger showed that an 


improved stud surface was the best compromise 
for the Hinkley Point Station. 
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BIGGER THAN BATTERSEA 


It has been announced that the contract for the 
first boiler for a 550 MW generating set has been 
awarded to International Combustion Limited, 
19 Woburn-place, London, W.C.1. It is intended 
io install two such sets in a proposed station at 
Thorpe Marsh near Doncaster. The site has 
been chosen to be near the coalfields—a necessity 
in view of the fact that a boiler this size will 
consume between 205 and 220 tons of coal per 
hour, depending on the quality. The output 
of 550 MW is greater than that of any existing 
complete station of the Central Electricity 
Generating Board. = 

The design of the boiler is shown in the accom- 
panying illustration. It has a continuous maxi- 
mum rating of 3,750,000 Ib. of steam an hour, 
at a pressure of 2,400 Ib. per sq. in. and a tem- 
perature of 1,055 deg. F. As is customary with 
large modern units, the steam, after passing 
through the high-pressure turbine, will be returned 
to the boiler for reheating to the original tem- 
perature of 1,055 deg. F. before passing through 
the remaining stages of the turbine. The feed 
water enters the boiler at a pressure of about 
2.600 Ib. per sq. in. and a temperature of 
496 deg. F. at full load. 

The boiler has two furnaces, each subdivided 
into two sections and fully cooled by water or 
steam tubes. One furnace controls the main 
steam temperature and the other the reheat steam 
temperature. The furnaces are each 68 ft. 
wide and 28 ft. deep and 100 ft. high. The main 
drums of the unit are 148 ft. 6 in. above ground 
level. Careful design has been required to 
limit this height, as in a 200 MW boiler the 
drum is at a height of about 135 ft. and there 
is a natural tendency for height to increase 
with size. 

Forced circulation is used with submerged 
pumps operating under the full boiler pressure 
and a differential head of about 40 Ib. per sq. in. 
They will have a capacity of 6,000 gallons per 
minute. The boiler is of the “dry bottom” 
type, but details of the ash-handling plant are 
not yet available. The boiler will have four rotary 
air heaters and four sets of fans per unit. Mech- 
anical and electro-static dust-removal plant will 
be installed at the base of the chimney. 

The pulverised fuel burners are mounted four 
high in each corner of the four furnaces. They 
will be supplied from eight mills (of which six 
will be capable of handling full load) of a nominal 
capacity of 50 tons per hour each. The plant 
will be capable of operating on coal with up to 


DETAIL DESIGN OF 


“Design is, after all, an art” and the art of 
design may be defined as “the attempt to 
achieve a precise object only vaguely known, by 
the application of strict rules only imperfectly 
understood.”” It was with these words that Mr. 
H. L. Cox, M.A., F.R.Ae.S., introduced his 
paper “The Application of the Theory of 
Stability in Structural Design,” given before a 
meeting of the Royal Aeronautical Society on 
Thursday, February 13. Sir George Edwards, 
President of the Society, introduced the speaker 
as being the head of the Physics Engineering 
Division of the N.P.L., where, after graduating 
at Cambridge, he had worked since 1926 on 
problems of structural design and the molecular 
Strength of materials. In a characteristic com- 
ment on the technical content of the written 
paper, Sir George quoted from the author’s con- 
clusion : “ In all questions of design it is difficult 
to achieve any finality’ and remarked “ | would 
80 along with Mr. Cox on that any time.” 
Comparing the aircraft-structure designer’s 
Problem with that of structural design in general, 
Mir. Cox said that scope of the problem was 
limited, in respect of layout, by aerodynamic 
requirements, which tended to restrict the field 
of interest to box-like structures. Proceeding 


30 per cent. ash and a moisture content between 
4 and 20 per cent. Over the full range of fuels 
a thermal efficiency of 90 per cent. is guaranteed. 

Fhe total cost of the 1,100 MW station is 
estimated at £40 million—a figure that compares 
favourably with the cost in 1948 of £50 per kW 
installed. The completion is expected to be 
in 1963. For a comparison in size of building, 
Skelton Grange A, generating 360 MW, measures 
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One Boiler Consumes 220 Tons of Coal Per Hour 


manner or the more recent form of hydrogen 
cooling using hollow conductors. There is also 
the possibility of using liquid cooling of the 
stator, also with hollow conductors. Size is a 
vital factor for these sets, as they are running 
near the limit for road transport. 

The number of firms capable of making such 
sets must be strictly limited. Among those who 
would seem to be in the running, C. A. Parsons, 





The boiler for the first 550 MW turbo-alternator set will operate at 2,400 Ib. per sq. in. and 
1,055 deg. F. 


620 ft. by 120 ft. by 151 ft. high or 28-6 cub. ft. 
per kW. The proposed Thorpe Marsh station 
will be 217 ft. by 186 ft. by 182 ft. high or 
12-6 cub. ft. per kW. At vesting day in 1948 
the corresponding figure was between 48 and 
60 cub. ft. 

The contract for the boiler having been 
announced, speculation is rife as to that for the 
turbo-alternator equipment. The set will almost 
certainly consist of two 275 MW units arranged 
in cross-compound but the method of cooling is 
by no means so certain. The possibilities 
include hydrogen cooling in the conventional 


AIR FRAMES 


to the detail construction of aeroplane wings, 
Mr. Cox considered that the problem of torsional 
instability had largely been brought under con- 
trol, and that the main problem in design was 
still how to stabilise the compression face of the 
principal flexual member or members. He 
went on to discuss in detail the design of multi- 
web booms and presented charts for determining 
the buckling stresses and weight efficiencies in 
stiffened panels. Referring to the phenomenon 
of ‘interaction’? he explained how primary 
flexual buckling could be induced by local or 
secondary buckling. In this connection an 
advantage of honeycomb sandwich construction 
was that it practically eliminated the possibility 
of local buckling. 

For a lecture which was guaranteed by the 
content of the preprint to be at a pretty stiff 
technical level the attendance was remarkably 
good, and the discussion was lively and well- 
informed. Opening the discussion Mr. E. D. 
Keen (of Armstrong Whitworth Aircraft) men- 
tioned the observed differences in strength 
between panels of the same geometrical profile 
but of different construction—riveted, bonded 
or integral. With this experience in mind he 
thought that no designer would rely on a purely 


G.E.C., Metropolitan Vickers, English Electric 
and B.T.H. are all involved, through their 
different consortia, in construction work for 
nuclear stations. The only consortium (it was 
the last to be formed) that has not so far secured 
a contract in this field is the one that contains 
both International Combustion and Richardsons 
Westgarth. The latter firm are extending their 
West Hartlepool works in order to be able to 
make generating sets up to 275 MW, including 
provision for carrying out tests, and these 
extensions should be completed in the not very 
distant future. 


theoretical treatment, though he himself acknow- 
ledged the very great importance of the theoretical 
interpretation of experimental results, which 
Mr. Cox had made so large a part of his life’s 
work. 

One of the most significant contributions to 
the discussion was that of Professor W. S. Hemp 
of the College of Aeronautics, who contrasted 
the work of a designer with that of a stressman. 
For the latter the problem was a relatively simple 
one: given a structure, what were the stresses? 
The designer, however, was given a schedule of 
loads or loading actions and his problem was to 
create a structure strong enough, stiff enough, 
and of minimum weight. He referred to Mr. 
Cox’s earlier investigation of the minimum 
weight of framed structures following the work 
of Michell, who had first treated this problem 
of optimum design in a paper published in 1904. 
Mr. Cox responded with a blackboard demon- 
stration of the complexity of the problem of 
designing a rectangular frame, with two diagon- 
als, for alternative loading conditions. 

The President closed the proceedings, after 
a number of further contributions, by inviting 
written comment on this very interesting but 
rather formidable paper. 
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Engineering at Home 


ALL ABOUT PIPES 


It was an Irishman who classed the Englishman 
and the Roman together as suffering from a 
cloacal obsession. He held that whereas the 
Jews, in the wilderness and on the mountain top, 
said “* It is meet to be here. Let us build an altar 
to Jehovah; ” the Roman (and the Englishman 
after him) gazed about him and said “ It is meet 
to be here. Let us construct a watercloset.” 
But, in fact, it is only during the last 150 years 
that drainage pipework has been widely used in 
buildings. And until recently the design evolved 
only slowly through common sense and experi- 
ence. 

The last decade, however, has seen a change. 
There has been a systematic investigation into 
what happens in waste pipes, traps and stacks. 
A book describing the new principles that have 
evolved has been published for the Department 
of Scientific and Industrial Research by Her 
Majesty’s Stationery Office. The title is Drainage 
Pipework in Dwellings: Hydraulic Design and 
Performance, by Mr. A. F. E. Wise. It is intended 
to be a comprehensive yet compact handbook 
for the building industry. The design principles 
it describes have emerged from laboratory 
experiments and full-scale trials for soil and waste 
drainage services for houses and multi-storey 
buildings. The emphasis falls on practice. 

In the book several types of installation 
are considered but that in which one stack takes 
waste and soil, without the need for a separate 
vent stack—termed ‘‘ single stack ’—receives the 
most attention. The economies that can be 
achieved with the single-stack system are pointed 
out and the circumstances in which it can be 
applied outlined. 

All systems require the use of water seals in 
appliance branch pipes. They serve to isolate 
the appliance from the main stack. The air 
in sewers and pipework is not considered lethal 
so the purpose of the seals is to exclude smells. 

A major problem in designing a drainage 
system is to make sure that the seals are not 
removed by siphoning effects. In fact, there 
are three possible activities that can affect the 
seal: self-siphonage, when the discharge from 
the appliance sucks out its seal; induced 
siphonage, when other discharges suck out the 
seals of appliances not in use; and back-pressure, 
which generally occurs at some point during 
the discharge of waste down a stack. 

The present book shows that if a 1 in. 
allowance for evaporation is made, then two 
factors govern the design of seals. There should 
be 1 in. minimum retention of seal after self 
siphonage; and there should be + 1 in. maximum 
range in the seal for induced pressure effects. 
These demands are met by a | in. seal in a 
3 in. trap. The criteria are based on the 
assumption that the system does not have 
suctions or pressures in excess of | in. of water. 
Since the number of appliances discharging at 
any one time—and hence the induced pressure 
in the system—cannot be predicted except as a 
statistical probability, it is convenient to base 
the overall design of a drainage system on the 
requirement that the pressure range of ++ 1 in. 
water gauge should not be exceeded for more 
than | per cent. of the time. 

The flow down vertical stacks in a drainage 
system is generally in the form of an annular 


sheet round the wall. Solids and paper fall down 
the centre of the pipe. On the inception of a 
discharge down a stack, pressure drops below 
atmospheric inside the mouth of the stack and 
the suction increases down the pipe. A sudden 
increase occurs at the point where the branch 
pipe is discharging into the stack, and thereafter 
the pressure reduction remains fairly constant, 
gradually falling to zero. There is a slight 
positive pressure above the drain. 

The type of flow in a branch pipe varies, depen- 
ding on the pipe diameter. Small pipes flow 
full, with air carried as bubbles. In larger pipes 
hydraulic jump may occur. Occurrence of suc- 
tion depends on the branch running full some- 
where along its length; as a full bore discharge, 
such as is shown in the illustration, sets up a form 
of siphon. The process can be seen in the 
illustration. 


In the design of water seals for washbasins, self-siphonage has to be allowed for to ensure that 
This illustration shows the process taking place. 


the seal is not broken. 


A siphonage of this kind may occur in any 
waste appliance but the effect is masked in 
fitments of very large internal surface area, by 
water trickling into the trap from the appliance 
itself and refilling the seal. With baths, for 
example, the self-siphonage is only important 
with wastes about 20 ft. long. With washbasins 
the amount of refill from the appliance is small 
and suction more likely. To retain a proper seal, 
therefore, it is necessary to limit the length of the 
branch by the use of a compact bathroom- 
kitchen plan, and many suitable layouts are 
given in the book. 

In his first chapter the author gives a brief and 
interesting account of the historical development 
of the traditional methods of installation. He 
shows how the problems of sanitation have been 
worked out empirically in the past and then gives 
an outline of developments since the last war. 
He writes for people familiar with the terms used 
in drainage and the general reader will find this 
to be the chief obstacle. However, the language 
of sanitation is by no means formidable and the 
terminology can be grasped fairly quickly. 

The second chapter considers the principles to 
be applied in layout of appliances and the arrange- 
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ment of branch pipework in individual dwellip 
The main consideration is branches from the 
appliances to the main collecting pipe and the 
chief problem is to avoid self-siphonage. Wi 
the traditional practice of having a vent near the” 
trap, this does not occur; but within certain 
limits of length and slope of branch, a proper seal 
is also retained without the use of a vent pipg” 
A graph is given that shows the variation of 
maximum allowable slope with the leno 
between the trap and the stack. The chapter 
includes a considerable amount of informatiog 
on the practical problems of installation. : 
Having described the layout of branch pipe: 
work, the author considers the design of the” 
network linking individual dwellings. The prob.” 
lem faced in this chapter is the induced siphonage © 
effect. Satisfactory results can be obtained with” 
the single stack method, so long as the design ig” 
such that excessive pressures do not arise. Data” 
are given for installations in which up to 19” 
groups of appliances are served by one stack,” 
The problems of blockage, flooding, and deter. 7 


gent foam are also considered and a chapter on 
costs follows. It compares the new type Oo 
installation with traditional systems and shows 
that savings may amount to £2 to £4 for a two- 
storey house, and £10 to £16 for a maisonnette or 
flat in a multi-storey block. A final chapter 
summarises the laboratory and theoretical work 
on which much of the recommended design has 
been based. 


x k * 


A remark on this page (February 7) that a 
maximum power output of 200 MW could be 
obtained from a six-transistor radio, prompted a 
correspondent to inquire whether the thermo- 
nuclear fusion apparatus, Zeta, is now really 
necessary. We would say it is: clearly, infor- 
mation gathered from experiments with Zeta 
will make an important contribution to the 
fundamental theories of physics. Not only 
that: until engineers can achieve power gains 
of 10° with the ease that a printer can, experi- 
mentation with novel forms of power supply will 
always be necessary. 
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